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Every Operation Is Controlled Perfectly by the 
Cherry Automatic System of Milk 
Pasteurization! 


This is what 
it will do 
Guarantee accurate control of holding time and temperature of product. 
Assure a deeper cream line and reduced bacteria count. 
(3) Effect marked reductions in fuel costs. | 


(4) Retain the natural flavor of the Milk. 
(5S) Eliminates human element and all subsequent chance of error. 


Unless you have investigated this marvelous control, you cannot realize its merits. 
Let us send you Bulletin No. 2065 which describes this new, positive, pasteurizing 
process. 


Write for it today. Bulletin No. 2065. 


CHERRY COMP 


CEDAR. RAPIDS 
St.Paul. Minn. Tama, Iowa. Peoria, Il. 
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PASTEURIZERS - STORAGE TANKS” - TRUCK TANKS 


Your Education Will Not Be Complete 
Nor Your Life Well-Rounded If You 
Miss the 


DAIRY INDUSTRIES EXPOSITION 


Detroit, Michigan 
OCTOBER 6-14, 1926 
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View of the Pfaudler Booth, Ice Cream Show, Detroit, 1925 
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The Mejonnier Tester 


for rapid and accurate butterfat and total solids tests 


Accuracy Pays 


The Mojonnier Tester offers the only rapid 
and accurate method for testing any dairy 
product for butterfat and total solids. 


It enables the manufacturer to buy raw ma- 
terials on the accurate and correct test and 
to standardize the finished product during 
the process of manufacture, resulting in a 
uniform product in large savings which soon 
pay for the equipment and then pay profits. 


The Mojonnier Tester is manufactured in 
four models, to meet the requirements of 
any size plant. The same accurate results 
are obtained on al] models. 


Model D Mojonnier Milk Tester. Process Patented Write for further information and prices. 


MILK ENGINEERS 
4601 W. Ohio St. CHICAGO 
Sales Branches: New York (Mt. Vernon) St.Louis Columbus,O. Oakland, Calif. 


Jake 


I have no time to quarrel with the mistakes of 
my past; there is a long road ahead of me. 


I have learned from observation that the average man is as old as his 
worries and so | say, don’t worry because of what you have lost in 
service and satisfaction by not using K. V. P. Genuine Vegetable 
Parchment (the nationally accepted protection in marketing moist 
and greasy foods) but see to it that from now on you will be served by 
nothing but the best, viz. K. V. P. Brands. 


of the 
KALAMAZOO VEGETABLE PARCHMENT 0. 


KALAMAZOO, MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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NAFIS TEST BOTTLES 
FOR SPECIAL PURPOSES 


ACCURATE — SERVICEABLE — ECONOMICAL 


Ice Cream Test Bottles 


For Determining the Percentage of Butter Fat 
in Ice Cream 


8 


+ 


No. 6918—Nafis Improved Ice Cream Test Bottle, 
consists of 18 gram body, graduated neck, 10% x 2/10% 
on basis of 9 gram sample, cylinder and rubber connec- 
tion. Parts easily replaced; easily filled; easily cleaned. 


No. I. C. 6920—6 inch, 9 gram, 20% Ice Cream Test 
Bottle, graduated into 2/10%. Has special side neck 
(fitted with rubber stopper) to facilitate weighing vis- 
cous samples of ice cream and adding of glacial acetic 
acid. Made on 18 gram body. 


No. 6920—6 inch, 9 gram 20% Ice Cream Test 
Bottle, graduated into 2/10%, on 18 gram body. 


No. 620—6 inch, 18 gram, 20% Ice Cream Test 
Bottle, graduated into 2/10%. Numbered every 2%. 


No. 6918 No. I-C-6920 


No. 600—Nafis Improved Skim Milk or Buttermilk 
Test Bottle consists of 18 gram body, graduated neck, 
cylinder and rubber connection. Necks graduated to 
different percentages (.25%, .50%, or 1%, on the basis 
of 18 gram sample) can be used with same body, cylinder 
and rubber connection. Parts easily replaced; easily 
cleaned; easily filled. 


No. F. S. M.—Faultless Skim Milk or Buttermilk 
Test Bottles, with double neck. Capillary neck gradu- 
ated to 50/100% by 1/100%, on basis of 18 gram sample- 


SPECIFY NAFIS GLASSWARE to your jobbers. If they do not stoc, 
it, do not accept substitutes but write for our instructive catalog and 
names of our distributors in your territory. 


LOUIS F. NAFIS, Inc. 


Manufacturers of Scientific Glass Apparatus 
for Testing Milk and Its Product's 


17-23 North Desplaines St., Chicago, U.S. A. 
Ask the Men Who Use It. 


No. F. S. M. 
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A practical, advanced text for students, teachers and dairy 


cattle breeders 
Manual of 


DAIRY CATTLE BREEDING 


By JOHN W. GOWEN, Ph.D. 


Maine Agricultural Experiment Station 
Author of MILK SECRETION 


Students ready for their junior or senior year in animal breeding have hitherto 
been handicapped through lack of a suitable, sufficiently advanced text for use as a 
laboratory manual. In DAIRY CATTLE BREEDING, Dr. Gowen has supplied 
that deficiency in a remarkably practical and efficient manner. Students and 
teachers at the Maine Agricultural Experiment Station using the exercises and 
references of this manual, and Milk Secretion as an accompanying lecture course, 
have been enabled to accomplish a very thorough course in less than the usual 
time required. 

A grounding in the elements of biology, including pure genetics, cytology, and 
the mathematics of statistics is necessary in order to get the full value from this 
book. Outside reading of books listed in the Manual will aid materially those 
without this training. The usable form sheets, outlined exercises, and complete 
references add greatly to the practical value of this Manual. Of great value and 
help to practical breeders. 


Bound in Cloth Gold Stamped $3.00 


Other Books for Dairy Husbandry Men 


Meat and Dairy Hygiene Tubercle Bacillus Infection and 


Horace S. Eaxins, Captain, V.C., Medical 
Dept. U.S. Army. 647 Pages. Full of practi- Tuberculosis in Man and Animals 
cal directions and 


Thu instructions. Abundantly Arseer Catmerre, Associate Director of the 
PRICE $6.50 Pasteur Institute, Paris. “The most complete, 
m2 explicit, and recent presentation of the funda- 

Milk Secretion ; 
pe mentals governing the development of tubercu- 
Joun and  josis in man and animals.” 714 pages, 25 full 
milk yield. Used successfully in the classroom, P@8e color plates, 31 figures. 


400 pages. 
PRICE $4.50 PRICE $8.00 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, MARYLAND 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Meet us at Detroit October 6-14 


The leaders in every branch of the dairy industry are 
looking forward to the gatherings at Detroit on the above 
dates. 


Included in the events scheduled is the annual meeting 
of the American Dairy Science Association. No doubt 


members will make attendance at the sessions the first 
order of business, as is proper. 


But, don’t go away without visiting the big Machinery 
and Supplies Exposition at Convention Hall. See what 
the ‘“‘mechanicians” of the industry have wrought during 
the past twelve months. We would particularly appre- 
ciate an inspection of our exhibit, probably the largest in 
the building. Make yourself known and spend as much 
time as your engagements permit. Perhaps our work may 
interest you. We are sure your suggestions and criticisms 
will be helpful to us. 


THE CREAMERY PACKAGE MFG. COMPANY 


General Offices: 61-67 Kinzie St., Chicago, Ill. 
Sales Branch Offices 
Atlanta, Ga., 58-68 Nelson e ersey City, N.J., 122 Morgan St. Portland, Ore., 6-8 N. Front St. 
Boston, Mass., 138 Washington St. N. rey City Mo. 1408 W, 12th St. San Franc isco, *Cal., 699 Battery St, 
Buffalo, N. Y., 14-16 Eniicott St. Los Angeles, Cal., 2461 Porter St. St. Louis, Mo., "308 N. Second St. 
Chicago, Ii., 61-67 Kinzie St. oe Minn., 318 Third St. N. Toledo. Ohio, 119 St. Clair St. 


Colo., 1649 Blake St. Omaha 113 S. Tenth St. Waterloo, Ia., 406 Sycamore St. 
Pa, 1907 Market St. 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 


JOURNAL OF DAIRY SCIENCE 


SHIPPING MILK FROM WISCONSIN 
TO FLORIDA 


Six thousand gallons of mi!k shipped from Marshfield, Wisconsin, to Miami, Florida, 
(1,678 miles), shipped in tank car, arrived in perfect condition. Time in transit, 
101 hours (4 days and 5 hours). This speaks mighty well for new methods of 
sanitation. 


Only milk produced under highly sanitary methods and stored in containers that 
are completely sterilized, cou!d stand this extraordinary test of keeping qualities. 
B-K (Sodium Hypochlorite) played an important part in this wonderful work. 
The car was simply washed thoroughly, rinsed thoroughly with water and then 
sprayed thoroughly with B-K. 


The simplicity of this method will appeal to everyone. The result marks an epoch 
in the milk business. In this way the bacteria which might have rui: ed a huge 
batch of milk were eliminated. It is easy, economical and effective. 


When milk will survive a journey of this kind, it puts the stamp of dependability 
on sodium hypochlorite sterilization. 


The necessity for the sterilization of milk equipment before each use has been 
demonstrated time and again by students of dairy sanitation and all the authorities 
on this subject. They are all in accord that the greatest source of bacterio!ogical 
infection in milk comes from the equipment that the milk actually comes in contact 
with. The logical time to sterilize milk equipment is just before it is used for the 
milk. The character of B-K (a concentrated sodium hypochlorite) makes it readily 
available for this purpose. It is easy to use, just add water. It is convenient. It 
is always ready. It is economical in time because it can be effectively used in cold 
water, thereby avoiding tying up equipment until it can be reduced to a tempera- 
ture suitable for handing milk. 


B-K has a definite place every step of the way from the time the utensi!s at the 
dairy farm are prepared to receive the mi‘k until the milk is in the sealed final 
container at the dairy plant. It is safe, dependable, positive means of eliminating 
the bacteria that influence the quality of milk more than anything e'se. 


We have a plan that is readily acceptable to the farmer, and is successfully used 
in many milk supplies throughout the country. This plan and our service are 
yours for the asking. Write us today. 


GENERAL LABORATORIES 


157 South Dickinson Street 
MADISON - . - - - WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE VITAMIN B REQUIREMENT OF THE CALF’ 
8. I. BECHDEL, C. H. ECKLES anp L. 8. PALMER 


Five vitamins are now known to be important in human and 
animal nutrition. Some of them are more important in the 
life of certain species than they are in others. For example, 
the antiscorbutic factor does not appear to be necessary in the 
ration of the calf, the pig, the rat, or the chicken, while it is 
essential in the ration of man or the guinea pig. On the other 
hand, the rat and the chick have rather heavy demands for the 
antirachitic factor while swine appear to tolerate a relatively 
low supply. The extent to which the results with laboratory 
animals can be applied to the larger domestic animals, is, there- 
fore, questionable. 

Eckles, Palmer et al. (1) studied the effect of yeast as a sup- 
plemental feed to rations ordinarily fed to calves from 20 to 
180 days of age. The results were negative since no increase 
on the rate of growth or beneficial effect on the health of the 
calves could be observed. Eckles and Williams (2) made a 
similar study with lactating cows and obtained negativeresults. 
The outcome of these studies make it apparent that there is no 
advantage in feeding a vitamin B supplement to the rations 
commonly fed to calves and lactating cows in good dairy herds. 

In a search of the literature no reference could be found con- 
cerning a systematic study to determine whether the growing 
calf requires a supply of vitamin B in its ration similar to that 
found necessary for the growth of laboratory animals. This 


1 Received for publication May 15, 1926. Published by permission of the 
Directors of the Minnesota and Pennsylvania Experiment Stations as paper 
number 617, and paper number 409, Journal Series, of the respective stations. 

The data presented in this paper are from a thesis submitted by S. I. Bechdel 
in partial fulfillment of the requirements for the degree of Doctor of Philosophy 
in the Graduate School of the University of Minnesota. The experiments were 
planned and the preliminary work done in the Divisions of Dairy Husbandry 
and Agricultural Biochemistry, University of Minnesota. The final experi- 
ments were financed and conducted in the Departments of Dairy Husbandry and 
Agricultural Biochemistry, The Pennsylvania State College. 
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paper is intended to set forth the results of an investigation which 
was designed to throw light upon this question. 

Theiler and associates (3) have made a contribution in their 
studies of the disease in South African cattle known as lamzietke. 
In the course of their investigations rations consisting of pol- 
ished rice supplemented with a small amount of autoclaved 
roughage (Veldt hay and oat straw) were fed to cattle for 
periods ranging from 44 to 52 weeks with no evidence of beri 
beri symptoms. Theiler suggested the possibility of cattle 
being able to synthesize vitamins by means of bacterial sym- 
biosis in the digestive tract. 


FUNCTION OF VITAMIN B 


Vitamin B is commonly referred to as a growth promoting 
vitamin, although it possibly may include two factors, viz., 
the antineuritic vitamin, the absence of which causes poly- 
neuritis in fowls and beri beri in man, and a water soluble growth 
promoting substance. Sherman and Smith (4) after studying 
all the investigations on vitamin B up to 1922, state that the 
absence of this factor from the diet causes cessation of growth, 
that a partial but not complete deficiency of this vitamin leads 
to impaired growth and a general undermining of health and 
vigor, and this lowered vitality may have a far reaching effect 
in its influence on reproduction and the successful rearing of 
young. 


EXPERIMENTAL 


The selection of a palatable ration that carries all of the 
known dietary factors for growth and well being of calves, ex- 
cepting vitamin B, offers a real problem since all of the common 
hays and cereal grains as well as milk and milk powders are - 
known to contain a considerable amount of this vitamin. The 
liberal use of by-product feeds offers the only solution. 

It was expected that the employment of such a ration would 
involve other dietary factors, since none of the principles of 
vitamin nutrition had been applied to cattle or the other larger 
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domestic species at the time of starting the investigation in 
1922. As was more or less expected some mistakes were made 
in the first attempts, and the early results are reported as pre- 
liminary experiments. The major part of the data is presented 
as the main experiments. The main portion of the study 
covers the period in the life of the calf between five and thirty 
months of age while a limited amount of data are presented on 
the period between birth and five months of age. 


Preliminary experiments 


Ration. Feeding trials on rats (5) had indicated that corn 
gluten feed and commercial dried sugar beet pulp, when added 
to the ration in such proportion as would be suitable for calves, 
carried little or none of the water soluble B growth factor. 
With this information at hand it was planned to formulate an 
experimental calf ration as follows: 


Feed 
Pounds 


A commercial grade of casein was used, as a more highly 
purified product would have been prohibitive. Polished rice is 
generally conceded to be devoid of vitamin B, while butterfat 
is considered a good source of vitamin A. At this time (1922) 
definite information on the anti-rachitic factor was not available, 
so that no provision was made for supplying it in the ration. 

The butterfat in a melted condition, after being decanted, was 
mixed with the concentrate mixture. A quantity sufficient to 
last for about two weeks’ feeding was prepared at one time. 
Dried beet pulp was depended upon solely to supply roughage. 

Two bull calves, one a Holstein, 8-3, 8 months of age, and the 
other a Jersey, S-6, seven months of age, were selected for the 
preliminary trial. These animals, about normal in size, had 
been raised on the usual skim-milk and grain ration. They were 
confined in box stalls and fed the experimental ration in a dry 
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condition in such amounts as they would consume from day to 
day. Records of the feed consumption, live weights at ten day 
intervals, and height at withers at 30-day intervals were kept 
on these as well as subsequent experimental animals, but for the 
sake of brevity these data are omitted. 

The two animals got along nicely on the ration for about 100 
days. They then began to exhibit signs of stiffness and did not 
have full control of their legs in walking. They also went off 
feed. The addition of vitamin B (10 per cent of dried yeast) 
to the ration of the Holstein, S-3, failed to give any relief, and 
at 113 days on experiment he went entirely off feed. He had a 
severe form of scours and at this time it was discovered that he 
was almost blind. A white spot appeared on the center of one 
eye ball. A profuse mucous discharge ran from his nose almost 
continuously. Fourteen days of the yeast treatment failed to 
afford any relief, and wheat germ, 4 pound daily produced no 
improvement. The daily feeding of the juice of two oranges to 
supply vitamin C was tried without results. On the 120th day 
fit-like spasms occurred, in which he would fall down and be 
unable to get back on his feet for a time. The administration of 
two ounces daily of cod liver oil brought almost immediate im- 
provement. He came back on full feed, and when taken off the 
experiment at 220 days he was 122.4 per cent normal in weight. 
The cod liver oil was continued for a period of 18 days but the 
wheat germ was continued to the end of the experiment. 

Results with the Jersey bull, S-6, were much the same as 
those exhibited by the Holstein. He continued along for about 
two months gradually showing more and more signs of mal- 
nutrition. He displayed the same profuse nasal discharge as 
the Holstein. On the 166th day of the experiment he was 
given cod liver oil in two ounce daily doses. At about this time 
it was discovered that he had pneumonia. The cod liver oil 
was discontinued after ten days feeding and daily doses of five 
pounds of wheat germ were given. Five days later the juice of 
two oranges were administered daily. He gradually recovered 
and came back on full feed, but was again stricken with pneu- 
monia and taken off the experiment. 
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At the time it was impossible to draw any conclusions from 
the results obtained on these two preliminary animals. No 
definite proof was obtained that the addition of vitamin B to 
the ration offered any relief. The addition of cod liver oil 
appeared to afford the most relief, but all of the credit could not 
be assigned to it since vitamins B and C were administered at 
about the same time. Further comment, and what is now 
believed to be a satisfactory explanation, will be presented fol- 
lowing the discussion of results on the second preliminary ex- 
periment. 


Second preliminary experiment 


A repetition of the preliminary trial with a larger number of 
animals appeared to be the next logical step. The ration em- 
ployed was the same, except for the addition of the following 
minerals: 

12.0 pounds calcium carbonate (precipitated chalk) 
1.5 pounds acid potassium phosphate 

0.875 pound ferric citrate 

0.313 pound potassium iodide 


Animals. Four grade Holstein animals, approximately 8months 
of age were selected. Three of them, B-4, B-10, and E-5 were 
bulls. One, E-6, was a free martin. They had been fed the 
usual skim-milk, grain, and hay ration. 

Calves E-5 and E-6 received the experimental ration without 
supplements. Tomato juice and wheat germ to supply vitamins 
B and C were supplements to the ration of B-4 which was selected 
as a check animal. Two ounces of cod liver oil were added 
daily to the ration of B-10 in order to get further information 
on its apparent curative effect on the calves in the previous 
experiment. 

Results of second preliminary experiment. Animal B-10 that 
received the cod liver oil supplement continued along on the 
ration for over a year and made most excellent growth and 
development. He was found normal in every respect when 
slaughtered at the close of the experiment. He showed no 
signs of vitamin B deficiency at any time in his career. 
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Animal B-4 thrived well until on experiment 108 days when 
he developed a stiffness in all parts of his body. He almost 
entirely refused to eat; his knees and ankles became _ swollen; 
and he developed a tendency to stand with his hind legs forward, 
so that his body was in a squatty position. He appeared to 
give much evidence of rickets as observed in other animals. 
Daily doses of 2 ounces of cod liver oil were given. About two 
months previous to this time, on account of repairs being made 
at the experimental barn, the animals were confined in the main 
barn. In these quarters they did not get daily out-of-door 
exercise as they did before. In the light of our present under- 
standing of the importance of sunlight in nutrition, it would 
be reasonable to suppose that this condition might never have 
arisen had out-of-doors exercise been provided continuously. 

The cod liver oil was increased to 4 ounces daily after five 
days and this amount was continued throughout the experiment. 
Inprovement was observed in a few days, but it came about 
very slowly. The animal did not eat well, especially of the 
grain. On account of the unpalatability of the wheat germ it 
was left out of the ration on the 146th day of the experiment. 
The daily doses of 350 cc. of tomato juice being fed at this time 
were believed to be sufficient for any needs of vitamins B and C 
that this animal might have. He ate the ration more freely 
after the wheat germ was left out and on the 158th day was 
much better. He did not get back on to full feed until the 
220th day of the experiment. All signs of the rachitic condi- 
tion had disappeared by this time. At 320 days on experiment 
he was up to normal in weight and above normal in height. 
When put on an alfalfa hay and grain ration he gained more 
rapidly than on the experimental ration, but his gains were not 
phenomenal. When slaughtered no indication of abnormal 
condition could be found. In view of the results before and 
after feeding cod liver oil, the lack of antirachitic factor is the 
most plausible explanation of the conduct of this animal. 

E-5 made fairly good gains for the first 220 days on experi- 
ment. His appetite declined then, and his growth rate slowed 
up. Throughout the experiment he at times exhibited stiffness 
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in walking. He developed a profuse nasal discharge early in the 
experiment, and this persisted through his whole career. At 
times this condition became exceedingly bad. On the 316th 
day he began to show signs of a general swelling in all four legs. 
It so happened at this time that the butterfat had been un- 
avoidably left out of the ration for about one week. The addi- 
tion of the butterfat made the ration more palatable and he 
began eating. Sixty-gram daily doses of marmite were ad- 
ministered and almost immediate improvement resulted. He 
became apparently normal in a few days, but when the butter- 
fat was again intentionally left out of the ration for one week, 
with the marmite continued, he again refused to eat, became very 
emaciated, and lost 17 pounds in weight. 

From time to time it had been observed that the feed would 
tend to take on a lardy or tallowy-like smell. This indicated 
oxidation of the butterfat which adhered to the feed particles 
as a thin film. It was then surmised that possibly the ration 
had been at times deficient in vitamin A and perhaps anti- 
rachitic factor. This is the most plausible explanation of the 
deportment of this animal. 

On account of E-5 not being very thrifty when put on experi- 
ment it was decided at the end of a year to put him on a good 
grain and hay ration to determine whether he would be able to 
thrive under such treatment. He was able to do this, and on 
slaughtering him 30 days later. no abnormalities could be 
detected. 

E-6 made consistent growth for about 1 year. The profuse 
nasal discharge gradually grew worsetoward the close of her career. 
At 370 days on experiment she refused to eat and developed a 
severe form of scours. The butterfat had been. left out of her 
ration also for about one week when she became very weak and 
emaciated. She was given 10-ounce daily doses of cod liver 
oil with the result that the scours disappeared and she made con- 
siderable improvement for about two weeks. Even with the cod 
liver oil continued she again declined. Sixty-gram daily doses 
of wheat germ extract brought no improvement. She gradually 
grew weaker, refused to eat, and finally died on the 416th day. 
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On post mortem, a large number of abscesses were found in 
the kidneys and right liver. This condition alone was enough 
to cause death. Abscesses were also found in the lungs which 
adhered to the ribs and diaphragm. There were a few other 
minor abnormalities in addition to a chronic catarrhal condi- 
tion in the sinuses of the head which were filled with mucous and 
pus. The bones and joints showed no abnormal condition. 

Vitamin A deficiency best explains the results with this 
animal also. Although the cod liver oil brought only tempo- 
rary relief, it is reasonable to assume that the deficiency could 
have been the indirect cause of the abscesses, and that the con- 
dition had developed so far when the cod liver oil was admin- 
istered that a cure could not be effected. Furthermore, Jones 
(6) found that cod liver oil effected cures very slowly when 
calves were suffering from vitamin A deficiency. 

The evidence when summarized tends to indicate conclusively 
that vitamin A was insufficiently supplied to five of the six 
animals used in the preliminary experiments. The outstanding 
symptoms of calves suffering from vitamin A deficiency as 
recently reported by Jones (6) parallel in several cases those 
exhibited by the calves in these preliminary experiments. The 
following are outstanding examples: The blindness and severe 
scours of the Holstein animal 8-3; the profuse nasal discharge 
exhibited by all the animals except B-10; severe scours in the 
case of E-6; loss of complete control of the legs exhibited by 
several of the animals; and oedema in the case of E-5 and E-6. 

The results with one animal, B-10, that had received cod 
liver oil continuously contributed evidence that calves can 
maintain normal growth and well-being without a supply of 
vitamin B in the ration. The data on the five other animals is 
considered valueless except for the fact that it paved the way 
for a more closely controlled main experiment. 


MAIN EXPERIMENTS, PART I 


In planning a continuance of the investigation provision was 
made for conducting a series of parallel experiments on rats 
with the view of obtaining first hand information on the vitamin 
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B deficiency of the calf rations employed. It was the aim aiso 
to use at least twelve calves and to get them started on the 
experimental ration at the earliest possible age. The use of 
heifer calves only was planned for the advantages that might be 
afforded in making a later study on reproduction and lactation. 

Ration. In order to insure an adequate supply of vitamin A, 
plans were made for feeding cod liver oil as a supplement to the 


Fie. 1. GrowTr Crart on Two oF THE Srx ANIMALS USED IN THE PRELIMINARY 
EXPERIMENTS 


Note the excellent growth made by B-10 on the vitamin B deficient ration 
supplemented with cod liver oil. 


experimental ration. A high grade of medicinal oil was selected. 
It was kept in brown glass containers in cold storage, and pro- 
vision was made for feeding it in fresh daily doses of 15 to 
45 cc. per day, depending on the size and age of the calf. 
Since the rations employed in the preliminary experiments 
were rather unpalatable to some of the calves, several changes 
were made to improve this defect. Imported dried beet pulp 
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(Holland) was found to provide a big improvement. It was 
cleaner than domestic pulp and was highly relished by the calves. 
The addition of cane sugar to the concentrate mixture made it 
possible to get further palatability by soaking the beet pulp 
and grain together for 12 hours before feeding. A high grade 
of casein put out by the Grove City, Pennsylvania, Creamery 
also provided further improvement in palatability. In the 
later months of the experiment, an imported product (Argentine) 
of equal quality took the place of it. 

‘ The ration was formulated as follows: 


200 pounds corn gluten meal 
100 pounds cane sugar 
100 pounds commercial casein 
62.5 pounds polished rice 
62.5 pounds corn starch 
24.0 pounds precipitated chalk 
3.5 pounds mono-basic potassium phosphate 
1.75 pounds ferric citrate 
0.625 pounds potassium iodide. 

Considerable amounts of pearled hominy from white corn 
were used to take the place of the rice and starch in the last 
months of the experiment. The ration was widened some- 
what as the animals advanced in age, due account being taken 
for provision of protein and energy sufficient for growth. 

The check animals were fed 40 grams per day of marmite to 
supply vitamin B. No provision was made for supplying 
vitamin C in the ration since the work of Thurston, Eckles and 
Palmer (7) had demonstrated this to be unnecessary. The cod 
liver oil carrying antirachitic factor in connection with the 
liberal mineral supply was assumed adequate for mineral re- 
quirements. 

The amounts of feed consumed varied according to the size, 
age, and appetite of the calf. The minimum for young calves 
was about 1.5 pounds of concentrate and 2.5 pounds of beet 
pulp daily. The maximum amounts consumed daily by any 
animal when about 30 months of age was 5 pounds of concen- 
trates and 10.5 pounds beet pulp. 

Laboratory animal feeding tesis. A series of eleven rat feeding 


VITAMIN B REQUIREMENT OF CALF 419 


trials involving the use of 127 animals, fed individually in 
cages with screen bottoms (3 meshes to 1 inch), were conducted 
with the view of determining the vitamin B deficiency of the 
calf ration. In nine of the trials the calf ration was fed to 
young rats with certain modifications. It was not possible to 
feed beet pulp to an extent greater than 25 per cent of the total 
ration. On a 50 per cent beet pulp ration the rats would 
bloat and die in about one week. The scheme of feeding alco- 
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Fie. 2. Consumprion anp GrowTH By oF Rats Fep a Ration 
ConsisTIne oF ALconotic Extract or Bget Grain Mixture 
75 Per Cent, anp Agar 50 Per Cent 


W. G. and N. W. G. indicate the addition of wheat germ extract to the ration, 
and Y. indicates the addition of yeast. 


holic extract of beet pulp in amounts that would be equivalent 
to 50 per cent of beet pulp in the ration was resorted to in two 
trials. 

In order to determine that beet pulp did not carry substances 
toxic to rats, two trials were conducted with pulp that had been 
subjected to extraction with alcohol. Two tests were made on 
the concentrate mixture alone. Agar and dextrin were supple- 
mented to the extent of 5 per cent, and 20 per cent of the ration 
respectively in order to adjust the protein content and afford 
some bulk. 
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Very consistent results were obtained in all of these feeding 
trials. The calf ration, on account of vitamin B deficiency, 
would not support growth of the young rats for more than‘2 to 
4 weeks. This deficiency was proved through the feeding of 
wheat germ extract or yeast supplement which enabled the rats 
to recover, to thrive, and in many cases to attain normal size. 
A considerable number of controls gave conclusive evidence that 
the calf ration was nutritionally complete for the growth and 
well being of rats when it was supplemented with either yeast 
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Fie. 3. Fezp Consumprion anp GrowTs sy WeicuT or Rats Fep a RaTION 
Consistin@ or Grain 75 Per Cent; Dexrrin, 20 Per 
Cent; Agar, 5 Per Cent 


W. E. indicates the feeding of wheat germ extract 


or wheat germ extract. A graphic summary of two representa- 
tive feeding trials is submitted in figures 2 and 3. 

Pearled hominy was tested for its vitamin B potency through 
feeding it, one case as 25 per cent, and in another case as 50 
per cent of a synthetic basal ration. The fact that the hominy 
was practically devoid of vitamin B is indicated in figure 4 which 
summarizes one of these feeding trials. 

Experimental calves. Four grade Holstein female calves, 
numbers 1167, 1168, 1169, and 1170, and four purebred Hol- 
stein female calves, numbers 1176, 1175, 1182, and 1185 were 
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used. The grades were designated as group I and the purebreds 
as group II. The ages at the time of going on experiment varied 
between 112 and 179 days, the calves in group I being the 
younger. Calves 1167, 1168, and 1169 had been fed a small 
amount of milk and were considerably under normal size at the 
time of going on experiment. All others had received care and 
treatment corresponding to the practice of good dairy farms, 
and with the exception of 1185 were about normal in size when 
put on experiment. Number 1185 was more or less unthrifty 


/ / 
Feel 
“| AG ABVAG 
22) 23) 2s| 


Fie. 4. Growrn Curves on Rats Fep a Basau Ration ContarninG 50 PER 
CrentT oF PEARLED HomINy 


E. S. indicates the addition of wood shavings extract to the ration; M. the 
addition of marmite. 


from birth. Numbers 1167, 1182, and 1185 were chosen as 


controls and were accordingly fed 30 grams daily doses of 
marmite in the ration. 


Effect of vitamin B deficiency on the growth of calves 


Figures 5, 6, 7, and 8 summarize in graphic form a record of 
the growth of the eight individuals in groups I and II. All of 
these heifers were continued on the experimental ration for periods 
ranging from 20 to over 140 days longer than the time indicated 
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on the charts. The growth rate portrayed on the charts was 
continued in every case. 

The conduct of all the subjects was surprisingly uniform. 
They tended to eat sluggishly and thrive poorly for the first 
couple months. As a result, they were considerably under 
normal weight for the greater part of the first year on experi- 
ment. Even though Numbers 1167, 1168, 1169, and 1185, 
were handicapped in being below normal weight at the time 
of going on experiment, they, as well as the four other individ- 
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Fia. 5. Growrn Curves ror 660 Days on Two Catves Fep TRE RaTION 
Dericient In VITAMIN B+ 


uals, were able to overcome this handicap and to attain weights 
and heights at withers equal to or considerably greater than 
normal before they were two years of age. 

At no time did any of the individuals exhibit any signs of 
vitamin B deficiency. The control animals gave no evidence 
of doing any better than the others, and the removal of marmite 
from their rations had no effect whatever on their growth or 
general well being. 
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The dried sugar beet pulp as the sole source of roughage 
appeared to be highly satisfactory for growth and general well 
being. The lack of bulk in the ration appeared to promote the 
habit of the calves to eat considerable wood shavings that was 
used for bedding and also to chew at the wooden partitions of 
their pens, especially in the earlier months of the experiment. 


Vic. 6. ANtmMAL 1170 av TRE AGE OF 27} MONTHS WREN ON EXPERIMENT 660 Days 


Her weight, 1127.8 pounds, is 120 per cent norma! and her height at withers 
is 105.7 per cent normal. She is a typical representative of the heifers in the 
main experiment when on the deficient ration 600 days or longer. 


The fact that none of the animals ever ruminated was also 
another sign that the ration lacked bulk. The development 
of barrel in all cases appeared equal to that of heifers fed normal 
rations. 

Four of the heifers when taken off the experiment and given 
a grain and hay ration began ruminating in about 24 hours after 
the change. It required about two weeks for them to come up 
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to a full feed of grain, hay, and silage. So far as can be deter- 
mined, the feeding capacity was not injured by the experimental 
ration. 

All of the heifers were bred and at the time of this writing 
(April, 1926) five of them have dropped strong, vigorous calves 
that are normal in every respect. Not a single animal failed 
to conceive. As they approached the time of parturition the 
mammary development became¥)most excellent (see fig. 10). 
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Fia. 7. Growrs ror 660 Days on Two Caves Fep THE RatTIOoN 
DEFICIENT IN VITAMIN B 


The marmite supplement in the ration of calf 1168 until the 445th day had no 
effect. 


They were all very fat at this time, and their coats were quite 
sleek and glossy. The first three heifers to freshen, numbers 
1168, 1169, and 1170 had considerable difficulty in calving and 
required assistance. This was perhaps due mostly to the fact 
that the calves were quite large, the birth weights being 107, 
102, and 83 pounds respectively for the three heifers. They also 
had some difficulty with retained placentas, but finally cleared 
up satisfactorily in about one week. 
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They came back on full feed in a couple of days after freshen- 
ing and then apparently went along in fine shape, the milk 
production being from 20 to 35 pounds per day. About the 
end of the second week of lactation they began going off feed. 
In about one week they refused to eat entirely. Sixty-gram 
daily doses of marmite given as a drench failed to bring any 
response. Drenches of 1} pints cod liver oil and 4 pound of 
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Fie. 8. Growrn CHart on Two Catves RECEIVING THE Ration DEFICIENT 
In ViTaMiIn B 


precipitated chalk was later tried with the same result. In 
the case of heifers 1170 and 1182 prevention of the difficulty 
was tried through feeding three times the usual amount of cod 
liver oil beginning about two weeks before freshening. Number 
1182 was also fed 60-gram daily doses of marmite, but these 
heifers almost exactly duplicated the action of 1168 and 1169. 
The only difference observed was that 1182 delivered her calf 
unassisted and dropped her placenta promptly. 
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A subnormal temperature of about 13 degrees was observed 
in all of them after they got entirely off feed. They became 
quite thin and weak, tended to get rather stiff, especially in their 
hind parts, and the milk production declined rapidly. The 
bowel movement ceased almost entirely. They consumed in 
some cases more than the usual amount of water and the urine 
flow was quite copious. There was a good deal to indicate that 
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Fia. 9. Two Catves Fep rae Dericrent Ration with Marmite SupPLEMENT 
FOR THE First 340 Days 


No stimulation of growth by the marmite could be observed, and when it was 
dropped from the ration the rate of growth was maintained. 


the metabolic processes were quite low. It was with great 
difficulty that they were induced to eat small amounts of al- 
falfa, bran, oats, and oil meal, when these feeds were first offered 
to them. It was necessary to do some forced feeding with 
molasses dissolved in water. Once sufficient hay was eaten to 


start rumination, the appetite appeared to pick up rather 
rapidly. 
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That the difficulty is due to a mere lack of bulk or roughage 
in the ration, rather than to a mineral or vitamin deficiency, 
we are not in position to say. It appears that the trouble may 
be the same as that reported by Reed and Huffman (8), MeCand- 
lish (9) and other investigators (10). 

The problem will be pursued on the other heifers due to 
freshen in the near future, and also on mature cows that are 
accustomed to dairy rations ordinarily fed. 


She had been on experiment 690 davs at this time, weighed 1180 pounds and 
her- condition is representative of all the experimental heifers previous to 
freshening. 


It had been the plan to raise the calves on their mother’s milk 
until they could be weaned to the dry ration deficient in vitamin 
B. It was expected that the milk would be deficient in vitamin 
B and that the second generation could perhaps be grown up 
on a deficient ration. Unfortunately such was not possible. 
One calf was maintained on its mother’s milk to the age of 
three weeks. It became quite vigorous and increased in weight 
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38 pounds in this time. In order to get definite information on 
the vitamin B potency of the milk, a large quantity was saved 
up and stored below freezing temperature before the heifers 
went off feed. Results of rat feeding trials with this milk, now 
in progress, will be published in a later paper. 


MAIN EXPERIMENTS, PART II 


The object of this experiment was to feed calves on a ration 
deficient in vitamin B from birth. The plan consisted in feeding 
cows due to freshen in several weeks on a ration deficient in 
vitamin B with the idea of continuing them on the same ration 
for a considerable period after freshening. Kennedy and 
Dutcher (11), MeCollom, Simmonds, and Pitz (12), and Hughes, 
Fitch and Cave (13), have reported that vitamin B in milk is 
dependent on vitamin B in the diet. 

In view of these data, it was assumed that the cows would 
produce milk, low in vitamin B, which could be fed to the calves 
until such time when they could be weaned over to the ration 
deficient in vitamin B which was described in part I. 

Animals used. Two Jersey cows, 936 and 838, due to freshen 
in 6 weeks, and two Holsteins, 850 and 988, due to freshen in 10 
weeks were used. 

Care and feeding. Dried sugar beet pulp, the sole source of 
roughage, was fed with the following grain mixture: 


200 pounds corn gluten meal 

160 pounds pearled hominy from white corn 
35 pounds tankage (60 per cent) 

16 pounds special steam bone meal 

2 pounds salt 


All four cows ate the ration very satisfactorily at the start, 
and the Jerseys never got off feed until at or near freshening 
time. They were both brought back on feed by eliminating the 
tankage from the ration, but in about ten days after freshening 
838 refused to eat entirely and finally had to be taken off the 
experiment. Cow 936 was in much better shape. She pro- 
duced enough milk for both calves, 1222 and 1224, and did not 
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go off feed until about one week before the Holstein cows 
freshened. Every conceivable change of ration failed to bring 
her back on feed, and she died a few days later. The actions of 
these cows in refusing to eat after freshening were almost exactly 
like those of the heifers as described in part I. The one Jersey 
calf, 1224, was accidentally killed by the herd bull. The other, 
a heifer, 1222, was fed milk from the Holstein cows. 

The Holstein cows resented the ration very much from the 
start. It was finally necessary to eliminate the tankage and 


“4 

a 

7 


Fie. 11. Growrn Curves REPRESENTING AVERAGES OF GROUPS OF Rats IN 
Mitx Feepine TRIALS 


R. D. indicates time of change of ration of cows 988 and 850; M. C., that milk 
was changed to that from cows receiving a good ration; 17.5 and 15 cc. that 
milk was increased to such amount; and B. that wheat germ extract was added 
to the ration. 


bone meal. They lost considerable weight and were quite 
thin when they freshened. The calves, both heifers, were 
strong and vigorous, however. They were designated as 1230 
and 1231. 

About two weeks after freshening these cows went off feed 
just as the Jerseys had done. A change of ration was necessary 
to keep up the milk flow for the three calves. They were brought 
back on feed by supplementing the ration with oats and poor 
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quality, overripe, timothy hay which was three years old. The 
grain mixture from this time on consisted of two parts oats, one 
and one-half parts gluten meal, and one and one-half parts 
pearled hominy. 

Rat feeding experiment. Five rat feeding trials were conducted 
for the purpose of determining the vitamin potency of the 
milk produced by the cows. The rats were confined in individual 
eages provided with screen floors (three meshes to one inch), 
and fed a basal ration consisting of 18 per cent purified casein, 
3 per cent salts (McCollum 185), 2 per cent agar, and 77 per 
cent dextrin. Milk as the sole source of vitamin B was sup- 
plemented at different levels. Figure 11 gives a graphic sum- 
mary of all five feeding trials. 

In the first trial (R-12, fig. 11), the milk from the Jersey cows 
was fed for the first three weeks. Milk from cows 988 and 850 
was fed during the remainder of the time except when a change 
to milk from cows receiving a good ration was made as indicated 
on the chart. In the next trial R-13, as well as in all subsequent 
trials only the milk from 988 and 850 was fed except as indicated. 
Feeding trial R-14 was started after the cows were advanced 
one month in lactation and when no further changes in the 
ration of the cows were necessary. 

Twelve cubic centimeters of average herd milk had been 
about adequate for normal growth of rats in trials conducted in 
this laboratory during the previous winter. Two average 
eurves of these data are included for convenience of study. 
These rats did not drop below the normal growth line until on 
experiment nearly 84 days, whereas those in experiments R-11, 
R-12, and R-13 dropped under the normal growth line some- 
what earlier. Furthermore, at the end of 112 days they were 
considerably smaller than those fed normal herd milk for the 
same period of time. 

The growth curve of the group R-15, fed 20 cc. made gains 
greater than normal and thus gave some indication that the 
milk was very little deficient in vitamin B. The group R-16, 
that received 8 cubic centimeters gave every indication of in- 
adequate vitamin B supply, especially when wheat germ extract 
was supplied. 
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Although the data do not warrant strong conclusions, they 
indicate that it is possible to reduce the vitamin B content of 
cow’s milk to some extent through feeding a poor ration. Al- 
though in agreement with data of Kennedy and Dutcher (11) 
the results are not nearly so outstanding as these investigators 
were able to obtain. Hart (13) has recently expressed an 
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Fie. 12. Errecr or Ration Dericrent in ViraMin B on GROWTH OF 
Jersey 


Milk from cows fed a deficient ration was the main constituent of the calf 
ration for the first 147 days. 


opinion out of harmony with our data. In commenting on 
grass versus winter feeding, he says that “Vitamin B is not 
very abundant in milk and is not influenced by the two types 
of feeding.” 


Effect of feeding calves a ration deficient in vitamin B 


The three calves, 1222, 1230, and 1231, designated as group 
III, were fed on whole milk from the Holstein cows as their 
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sole ration until about 8 weeks of age. At this time they 
began eating the experimental concentrate mixture deficient in 
vitamin B and some dried beet pulp. The milk was discon- 
tinued as indicated on the growth charts (figs. 12 and 13) and 
the experimental ration was then fed after the methods out- 
lined in part I. 
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Fie. 18. Errecr or Ration Dericrent 1n ViTaMin B on GROWTH OF 
HousTe1n CALVES 
Milk from cows fed a deficient ration was the main constituent of the calf 
. ration for the first 115 days. 


It is admitted that the practice of keeping calves on a ration 
which was made up almost solely of whole milk for so long a 
time was questionable, but no better plan seemed possible. It 
was our desire to bring them through if possible without the 
usual hay and cereal grain supplements until such time when 
they could get along on the experimental ration that was being 
fed to the older calves reported in part I. It was our feeling 
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that if this plan could be carried out, these three subjects would 
be superior to the older ones for a further vitamin B study. 

They could not be induced to eat the experimental ration in 
sufficient quantities to warrant taking the milk away from 
them, and it was exceedingly difficult to get them weaned and 
going on the experimental concentrate and beet pulp ration 
alone, even when the Jersey was almost five months, and the 
Holstein nearly four months of age. They thrived throughout 
their milk ration career and exhibited no signs of deficiency 
disease. The Holsteins were very little under normal size at 
four months of age, but the Jersey at five months of age was 
less than 80 per cent normal in weight and 95 per cent normal 
in height at withers. 

Group III was able to overcome the serious handicap of its 
early career and to attain about normal growth before the 
individuals were two years of age. The deportment of the 
group corroborated that of groups I and II in every way. They 
have been kept on the experimental ration for over four months 
beyond the time reported on the growth charts, and at this 
writing (April, 1926), 1230 is 109.4 per cent normal in weight 
and 103.3 per cent normal in height. Number 1222 is 98.7 
per cent normal in weight and 98.5 per cent normal in height. 
Number 1230 will freshen in June, 1926, and the other members 
of the group are due about four months later. 


GENERAL DISCUSSION 


The results on growth and reproduction observed with the 
eleven animals reported in the main experiment are considered 
conclusively negative, but this should not be interpreted to mean 
that calves do not have a vitamin B requirement for growth and 
well being. It does mean, however, that it is either a case of 
no requirement for the factor in the ration, or such a small one 
that it cannot be measured with laboratory animals. 

In view of the recent evidence put forth by several investi- 
gators we venture the opinion that bacteriological synthesis of 
vitamin B in the digestive tract suggested by Theiler (2) 
accounts for the fact that our experimental animals were able 
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to thrive, grow to maturity, and to produce normal offspring 
on a ration practically devoid of vitamin B. Damon (15) has 
made an outstanding contribution in this field of bacteriological 
research. He has been able to prove that several acid fast organ- 
isms synthesized vitamin B when grown in vitamin B free media. 
The dried bacterial cells fed to the extent of 7.5 per cent of a 
basal ration deficient in vitamin B stimulated rapid and con- 
tinuous growth in young rats that were in a state of nutritive 
decline. Kuroya and Hosoya (16) have reported positive results 
with a pure culture of B. coli, but Damon’s work does not con- 
firm this. Heller, McElroy, and Garlock, (17) have pro- 
duced evidence of bacteriological synthesis of vitamin B in the 
intestinal tract of the rat. Scheunert and Schieblich (18) have 
produced evidence of vitamin B synthesis by the organism B 
vulgatis commonly found in the intestinal tract of herbivora. 

It is our plan, through the use of a fistula into the digestive 
tract of one or more of the remaining experimental heifers to 
obtain further light on the possible synthesis of vitamin B. 
This added phase of investigation in connection with the work 
now under way on the milk produced by the experimental heif- 
ers should give some light on the question. 

Since dried sugar beet pulp was used as the sole source of 
roughage for all of the animals reported in this investigation, it 
is in order to comment on the so-called roughage requirement 
commonly mentioned in feeding practice. At this writing 
(April, 1926), nine of the calves, three of which have been on 
experiment since birth, have been maintained on the beet pulp 
ration for over two years. The barrel development has in 
every instance been apparently equal to that of calves fed on 
normal rations (see figs. 7 and 10). Evidence that the digestive 
tract was normally developed was obtained in a post-mortem 
on one animal, no. 1170. The rumen as well as other parts of 
the tract contained a large amount of food in the usual stages of 
digestion. The habit of eating considerable quantities of wood 
shavings, which were used as bedding, has continued with all of 
of the animals to the end of their careers. It is evident from 
this that the deficiency of bulk prompted the habit, even though, 
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reproduction, and general well-being were satisfactory. The 
absence of rumination in all of the animals throughout their 
careers was also likely due to the deficiency in bulk. These 
observations made it appear possible that the ruminating func- 
tion could be effected by grinding hay and other roughages as 
advocated by certain manufacturers of feed grinders. 

The inability of the heifers to lactate on the ration raises a 
question concerning the causation being due to a deficiency of 
roughage. Unfortunately, all experiments so far reported have 
dealt with calves. Reed and Huffman (8) have recently re- 
ported progress on rather extensive investigations. They have 
been unable to raise calves to maturity on milk alone, on milk 
and grain, or on grain alone. Calves fed solely on concentrates 
would die with convulsions and the post-mortem findings indi- 
cated toxemia. They attribute the toxemia condition probably 
due to a deficiency of a dietary factor rather than to crude fibre 
or bulk. Wheat straw, oat hulls, and wood shavings, did not 
prevent evidence of toxemia. Attempts to bring about normal 
development on milk rations without roughage were made 
through the feeding of calcium and phosphorus compounds. 
The results of these treatments prompted them to state that 
it is apparent that the irritability in calves fed on a concentrate 
ration is not due to a calcium or phosphorus deficiency. 

Since our calves thrived so well through the growth period 
to maturity, it is evident that the beet pulp must have in some 
way supplied the deficiency encountered by Reed and Huffman. 
Our deficiency for lactation on the ration is probably the same 
or closely related to that observed by Reed and Huffman. 
If it is the same, the demands for lactation are evidently much 
heavier than for growth and reproduction. Since the present 
tendency in our high producing dairy herds is to supply nutrients 
more and more from concentrates rather than from roughage, 
the problem is of immense practical as well as of scientific im- 
portance. 
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Practical application of results 


The average calf ration used in feeding practice is made up 
largely from leguminous hay and cereal grains. Since these 
feeds are usually classed as fair to good carriers of vitamin B, 
there is little likelihood of an ordinary calf ration being low in 
this vitamin. The present tendency toward raising calves with 
a minimum amount of milk would have scarcely no application 
since milk is, relatively speaking, not a heavy carrier of vitamin B. 

Even though the fast growing tendency toward the feeding 
of by-products, especially of the milling industry, may even- 
tually bring about the extensive use of rations which carry small 
amounts of vitamin B, the results of this experiment warrant 
the statement that the live stock man need have little con- 
cern about vitamin B deficiency ever standing in the way of his 
raising strong, healthy calves. 

Furthermore, no evidence has been found to cause any fear, 
that the very serious problem of reproduction in our dairy herds 
will be further enhanced by vitamin B deficient rations. 


CONCLUSIONS 


1. An experimental calf ration composed of corn gluten meal, 
commercial casein, cane sugar, rice, pearled hominy, corn 
starch, dried sugar beet pulp, and a mineral mixture, carries an 
insufficient amount of vitamin B to support growth in rats and 
enable them to live for periods longer than 2 to 5 weeks. 

2. A calf will grow normally to maturity and produce normal 
offspring on a ration that carries an insufficient amount of 
vitamin B to support growth and general well being in rats. 
Assuming that the calf possesses a physiological requirement 
for vitamin B similar to that of other animals, the deportment 
of the experimental calves described in this paper can be ex- 
plained only on the basis of vitamin B synthesis by bacteria and 
other microérganisms in the digestive tract, unless future in- 
vestigations should prove that various species of animals differ 
materially in their vitamin B requirements. 

3. The milk produced by cows fed on a ration deficient in 
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vitamin B is appreciably, but not markedly, reduced in its 
vitamin B content. 
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A COMPARISON OF GUERNSEY SIRES 


II, BASED ON THE AVERAGE MATURE EQUIVALENT FAT PRO- 
DUCTION OF DAUGHTERS DURING THE MONTH OF 
MAXIMUM PRODUCTION* 


Cc. W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 


The large probable number of genes or factors included in the 
inheritance of the characters concerned in the secretion of milk 
and fat by the dairy cow has resulted in little progress being 
made toward the genetic analysis of these important characters. 
Some of the more simple characters of cattle such as coat color, 
skin color, horns, and a few abnormalities have been studied 
genetically and have been found to behave in a Mendelian fash- 
ion. A few workers such as Wilson (1) and von Patow (2) have 
advanced theories as to the number of factors concerned in the 
inheritance of milk secretion. Wilson proposes that there are 
4 dominant factors which individually produce 20, 15, 10, 
and 5 pounds of milk daily and collectively 50 pounds and 4 
recessive factors which produce 4, 3, 2, and 1 pound of milk 
and collectively 10 pounds of milk. This being true there would 
be 16 grades of milk yield varying from 50 pounds daily down to 
10 pounds. 

While the theory is suggestive, it is believed that a larger 
number of factors are concerned and without more exact data 
than is yet available, the factorial analysis of the milk secreting 
function of the dairy cow is impossible. 

A promising mode of attack of this problem appears to lie in 
a further study of the mechanism or mode of milk and fat secre- 
tion during the lactation period and to separate into groups 
those series of factors which may influence or regulate certain 
characteristics of the lactation curve of milk and fat secretion. 
In other words, instead of attempting to study single factors, a 
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study would be made of groups of factors which together bring 
about certain results. 

Sanders (3) has studied English Milk Records from the stand- 
point of the shape of the lactation curve. He has determined 
what is called the shape figure of the cow’s lactation by deter- 
mining the ratio of the total lactation yield to the maximum 
yield. This ratio is the same as the ratio which we consider to 
indicate the persistency of secretion during the lactation. This 
relation will be pointed out later in the discussion. 

Considerable attention has been given to a study of the charac- 
teristics of the shape of the lactation curve at this Station. 
Studies have been made of some of the factors affecting the 
shape of the rising segment of the curve (4), the production at 
the maximum (4), and the declining segment of the curve (5). 
These investigations have indicated that of all the factors con- 
cerned in the lactation yield of fat two are outstanding in their 
influence. 

The first of these is the height of production of milk and fat 
during the maximum month or other convenient unit of time. 
The second is the persistency of secretion or the rate of decline 
of production. These may later be further subdivided as knowl- 
edge of the mechanism of milk secretion increases. 

Data has already been presented giving information on the 
mode of inheritance of yearly fat production in the Guernsey 
breed (6). It is the object of this paper to present similar data 
on the inheritance and mode of transmission of fat production 
during the month of maximum production using the same 
yearly records. 


FAT PRODUCTION DURING MAXIMUM MONTH OF LACTATION 
PERIOD 


Before considering the results of the study, it might be well 
to briefly consider the factors concerned in governing or limiting 
the maximum secretion of the dairy cow. The milk and fat 
which a cow is capable of secreting under favorable conditions 
of feeding and management in a given length of time is largely 
determined by two considerations. These are (1) the size of 
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the udder and the amount of secreting tissue present, and (2) 
the rate of secretion by a unit of secreting tissue. Do cows 
having the same amount of secreting tissue vary in their daily 
production of milk due to differences in the rate of secretion? 
Does the relation between the storage space and secreting tissue 
of the udder change the rate of secretion? Does the amount 
of blood passing through the gland influence the activity and 
rate of secretion? Is the size of the cow correlated with the size 
of the mammary gland or does the size of the animal influence 
production by increasing the capacity of the cow for feed con- 
sumption and greater blood supply or both? 

The answers to these questions would greatly aid in clarify- 
ing the problem. While we do not have direct evidence by 
which the above questions may be answered a number of ex- 
periments have been conducted which furnish an indirect basis 
for making certain deductions. It has been shown by work at 
this Station that there is considerable variation in the activity 
of the mammary gland during a period of twenty-four hours as 
measured by the variation in the yield of milk during two-hour 
periods (7). This is believed to be due to the variation in the 
volume and nutrient content of the blood passing through 
the udder. It seems probable that mammary gland cells have 
an upper limit in their secretory activity which may vary among 
cows due to their inheritance with the result that certain cows 
although having equal secretory tissue would be able to produce 
more milk in a given interval. 

It has been clearly shown also that the frequency of emptying 
the udder bears a close relation to its secretory activity (8). 
Does not this indicate that the amount of storage space in rela- 
tion to secretory tissue would regulate or govern to some extent 
the rate of secretion. In other words, the inheritance of the 
size and internal structure of the udder would have a direct in- 
fluence on the yield during the time of maximum milk flow. 

Data is also available on the relation of the size of the cow to 
total yearly production (9). It was found that with animals 
of the same age an increase of 100 pounds in live weight pro- 
duced an average increase of 20 pounds of fat per year. As 
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blood volume is correlated with live weight (about 5 pounds per 
100 pounds), it is certain that more blood is available for milk 
production. That more blood actually passes through the gland, 
however, is not known. It would appear likely, however, in 
view of the greater production unless body size is positively cor- 
related with udder size. This data indicates the extent of the 
influence of size inheritance on total yearly fat secretion. A 
greater proportionate relation to maximum fat secretion would 
undoubtedly be shown by live weight. Size inheritance must, 
therefore, be considered in its relation to maximum fat secretion. 
It is believed that the number of genes concerned in size inheri- 
tance must be considered as a part of the total inheritance for 
fat production and not as certain workers evidently believed 
that the inheritance of milk and fat secretion is confined to the 
stimulus for secretion (10). 

Maximum secretion is the resultant of many anatomical and 
physiological relationships. Summed up they consist of grada- 
tions of size of the mammary gland both of secretory tissue and 
storage space, size of the digestive organs which furnish nutrients 
for the blood, size of the body in general which may be indicated 
by blood volume, and a stimulus to rapid production of the 
secretion. The variation in this stimulus probably will best be 
shown by the correlation between the summation of these size 
factors and maximum production. A high degree of correlation 
between the physical conformation of the dairy cow usually 
associated with large production and the yield of milk and fat 
will indicate that the rate of secretion in unit time does not vary 
greatly; a low degree of correlation will indicate that the rate 
of secretion is of considerable importance in relation to maxi- 
mum production. Little hope of finding a close relationship 
between the type or conformation of the dairy cow and her pro- 
duction may be expected if the latter is true. 


PERSISTENCY OF PRODUCTION 


The declining segment of the lactation curve varies greatly 
in cows; some cows decline only slightly in production from 
month to month while others decline rapidly going dry at an 
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early date. In contrast to the physical characters of the dairy 
cow’s anatomy which are associated with maximum secretion, 
is this intangible stimulus (similar to the possible stimulus for 
rapid secretion) persistency of secretion or the rate of decline of 
production during the lactation period. There is little in a cow’s 
appearance to indicate whether she will decline rapidly in milk 
flow and soon become dry, or will decline very slowly in milk 
production and at the close of the normal lactation period still 
be producing a large flow of milk. 

Possibly what the judge of cattle would call “dairy tempera- 
ment” is the best external indication of the persistency of pro- 
duction of the cow. A lean, angular condition of flesh, however, 
may be a result of lack of feed, rather than due to the stimula- 
tion “‘to put everything into the milk pail.’”” A cow which has 
been well fed and yet at the close of the lactation period is in 
low condition might be considered to be of the persistent type. 
In general, however, it may be said that the factor of persist- 
ency of production although of great importance in governing 
total yearly lactation milk yield, has no physical basis by which 
the extent of the stimulation may be determined. 

The importance of persistency of production in relation to 
total production has not been generally realized. This has been 
due largely to the difficulty of securing a quantitative index of 
persistency. Recently the writer described a simple method 
of determining persistency from the ratio of the total yearly 
production to the maximum month’s production (11). This 
ratio may be converted to a percentage basis indicating the 
average monthly decline in milk or fat production based on 
the preceding month’s production. This gives a quantitative 
numerical expression for the important characteristic of milk 
secretion—the stimulation for persistent production. 

In this paper especial attention will be given to the inheritance 
of the characters which are concerned with maximum produc- 
tion. The mode of inheritance of the stimulus for persistent 
production will be discussed in a paper to follow. 

The change in production with age was corrected by the use 
of the conversion factors given in the Missouri Agricultural 
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Experiment Station Research Bulletin 79. As these factors 
were computed from the change in yearly production with age, 
there may be a slight error introduced as persistency of secre- 
tion changes slightly with ages. The error involved, however, 
is not sufficiently large to warrant redetermining this relation 
for maximum production and age. 


COMPARISON OF GUERNSEY SIRES ON BASIS OF DAUGHTERS 
AVERAGE PRODUCTION DURING THE MAXIMUM MONTH 


The purpose of the comparison of the sires on the basis of 
their daughters average production during the maximum month’s 
production of the lactation period is designed to show the in- 
dependence of the inheritance of the characters concerned with 
maximum production. Large production during the maximum 
month of the lactation period does not necessarily indicate high 
total production because of the factor of persistency. On the 
other hand, a combination of high maximum production asso- 
ciated with persistent production will always result in maximum 
yearly production. 

In table 1 are listed the sires in order of the average fat pro- 
duction of their daughters during their maximum months pro- 
duction of fat compared with similar data for the dams of the 
daughters. This may be compared with the total yearly pro- 
duction of the dams and daughters. The persistency ratio 
(relation of total yearly fat production to the maximum month’s 
fat production) is also given. The greater the numerical value 
of the ratio, the greater is the persistency indicated.' The 
differences in these two characters, maximum and persistent 
production, between the dams and daughters should be noted. 

Might not the favorable combination of the genes concerned 
in the inheritance of the characters for maximum and persistent 
production in certain individuals causing greater producing 
ability than either family previously possessed, be produced in 
this way. While there is an occasional fortunate “nicking” 


1A complete discussion of the quantitative determination of persistency of 
production indicating the meaning of the numerical values of the ratios may be 
found in reference 11. 
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TABLE 1 

Comparison of Guernsey sires based on the average mature equisalent fat production 
of daughters during the month of maximum production 

Maximum of Daughters 
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NAMB AND NUMBER OF SIRE 


King of Chilmark 20798.............. 
Langwater Stars and Stripes 21872. ... 
Ne Plus Ultra 15265.................. 
Golden Secret of Lilyvale 10028...... 
Langwater Holliston 28055............ 
King of the May 9001................ 
Mars of Woodcrest 9290.............. 
King’s Vanguard 22719............... 
Florham Laddie 20431................ 
Langwater Warrior 26509............. 
Valentine Honour of the Passee G 3784 
Lady Smith’s Cherub 30760........... 
Brookmead’s White Face 32211....... 


Ledyard Bay 11074................... 
Langwater Hayes Rosie’s King of the 


Langwater Royal 14253............... 
Langwater Pencoyd 21830............ 
Reputation of Portage 10695.......... 
Langwater Cavalier 21012............ 
Ultra May King 27600................ 
Charmante’s Rose King 11746........ 
Dairymaid’s Criterion of Iowa 28187. . 
Demonstration of Roughwood 23133. .. 
Gold Lassie’s Jullian 27704........... 


DAUGHTERS DAMB 

a i¢ it 

2 
23 | 665/75.0| 8.739) 16 | 593/62.9 | 9.585 
10 | 707|75.0| 9.501) 8 | 581/59.8 | 9.908 
10 | 729/74. 6) 9.873) 10 | 690/73.8 | 9.375 
23 | 707/74.3| 9.565) 12 | 576/59.5 | 9.730 
19 | 694/70.7| 9.776) 10 | 643/66.8 | 9.763 
24 | 689/70.6) 9.657) 7 | 612/66.2 | 9.196 
14 | 708/70. 5/10. 185) 10 | 559|56.2 | 9.875 
46 | 687/70.3) 9.755] 32 | 560\59.7 | 9.551 
23 | 674/70.3) 9.645) 16 | 592/64.6 | 9.201 
10 | 726/70. 3/10.322) 6 | 583/60.9 | 9.542 
33 | 708/69. 8)10. 125) 25 | 625)64.4 | 9.664 
10 | 563/69.7| 8.070) 4 | 459/57.6 | 7.934 
13 | 627/69.7| 9.021] 11 | 639)62.4 | 8.486 
30 | 662/69.6) 9.314) 11 | 592/62.5 | 9.492 
23 | 701/69.3)10.044) 18 | 764/76.7 | 9.941 
13 | 640/68.8} 9.789) 1 | 695/70.0 | 9.937 
12 | 688/68. 6)10. 154) 10 | 614/65.1 | 9.423 
17 | 13 | 499)53.1 | 9.465 
12 | 621/67. 6) 9.838) 7 | 689)74.1 | 9.314 
10 | 595/67. 5) 8.796) 4 | 558/62.8 | 8.887 
10 | 645/67.2) 9.625) 9 | 498/48.5 |10. 106 
27 | 681/67.0)10. 135) 22 | 602)64.1 | 9.382 
27 | 616/66.8| 9.107] 22 | 554/62.2 | 8.889 
18 | 658/66.8] 9.837] 16 | 679|69.4 | 9.757 
11 | 632/66.6| 9.642) 5 | 584/68.2 | 8.973 
21 | 705/66.5|10.528) 10 | 606/70.8 | 8.575 
17 | 707\66.5/10.611) 15 | 616/63.2 | 9.721 
11 | 624/66.0) 9.442) 7 | 632\57.4 | 9.334 
12 | 598/65.9| 9.160) 6 | 523/57.9 | 9.228 
15 | 624/65.6) 9.388) 7 | 561/66.3 | 8.567 
18 674/65. 5 9.734) 18 | 624/68.6 | 9.275 


| | 

Ne Plus Ultra 4th 29328.............. 

Bell-Founder 11681................... 

Joker of Riverside 21447............ 
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TABLE 1—Continued 


NAME AND NUMBER OF SIRE 


- Dolly Dimple’s May King of Lang- 


Glenwood’s Main Stay 16th 9384....... 
Jardiniere’s Masher 20957............. 
Masher’s Galore 8572................. 
Rosie’s Golden King of Oakhurst 31630 
Golden Noble II G1836............... 


Rex of Rich Neck 31472.............. 
Brockton of the Glen 15739........... 
Golden Hero of L’Etiennerie 12647. ... 
Jessy Rosie’s Pride of Iowa 3955....... 
Laverna’s Ultra May King 24660...... 
Jethro’s May King of Linda Vista 


May King’s Vrangu of Ingleside 15430 
Yeoman’s King of the May 17053...... 
Langwater Rival 14194................ 
Pencoyd’s Golden May Secret 39626. . . 
Jewel’s Royal Combination of Wawa 
Beda’s May King 11893............... 
Sailor Lad of the Fontaines 51090... . 
Honoria’s Sequel II 40668............ 
Victor of Pencoyd 18901.............. 
Pretoria’s King of Midlothian 22641. .. 
Bob Rilma’s Monogram 29095......... 
Masher of Sarnia 19167............... 
Hayes Cherub 2d 25147............... 
Reservation Chesterfield 36609 


> 


daughters 

Average mature equivalent 
month of maximum 
month of maximum 


fat 
fat 


Average mature equivalent 
Average mature equivalent, 


| aon of yearly records, 
dams 


| Average mature equivalent, 
| "a of yearly records, 


OF 


o 


B SSSSSHRE 


oo 


© 


& 


‘ DAUGHTERS 
3 8 
Governor I. of the Chene 10563........| 24 9.856 
10 9.154 
14 9.844 
| 22 | 9.320 
| 10 | 10.248 
: 29 7.980 
Lord Waukesha 10148................| 18 8.881 
a Itchen Daisy’s May King of Lang- 
15 10.119} 13 10.241 
10 | }10.032| 7 9.986 
16 | 8.698] 5 7.899 
19 | 9.056} 14 9.319 
12 9. 463 
; 14591 15 9.843 
ll 2 | 9.844 
an 37 2 | 9.584 
84 | 610/63.5) 9.487) 64 | 508/58.3 | 8.850 
16 | 639/63.3) 9.988] 10 | 596/60.4 | 9.874 
14 | 627/63.2/10.016) 13 | 569/57.7 | 9.934 
11 | 589/63.2) 9.374) 9 | 493/53.1 | 9.413 
41 | 640/63.1) 9.950) 31 | 592/60.3 | 9.748 
17 | 605/63. 1), 9 395} 2 | 599/62.1 | 9.803 
16 | 2 | 580/55.9 |10.394 
18 | 575/62. 360) 16 | 546/54.1 |10.123 
10 | 601/62. 8/705) 10 | 569/68.7 | 8.516 
10 | 608/62. 8/9 653) 10 | 523/59.5 | 8.872 
11 | 541/62. 3 | 564/60.3 | 9.376 
16 | 630/62. 047) 9 | 505/65.2 | 9.371 
: 13 62.5)9 106) 12 | 556/58.8 | 9.529 
Don Diavola‘of Linda Vista 23565.....| 11 | 635)62.5/I878} 8 59.5 | 9.808 
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TABLE i—Continued 
DAUGHTERS DAMS 
318 
Ble 
3 ‘3 3 3 
> > | gz 
NAME AND NUMBER OF SIRE le & 
Zz < < za |Z < < = 
Langwater Peerless 19227............. 12 | 559/62.5) 9.181] 7 | 613/63.5 | 9.657 
Cora’s King of Bellevue 9779......... 11 | 569/62.5) 9.114) 3 | 494/83.6 | 7.804 
Silver King of the Isle 14363......... 13 | 531/62.2} 8.613} 9 | 517/55.2 | 9.412 
Spotswood Sequel 9686............... 30 | 532/62.1) 9.160} 17 | 502/55.5 | 9.133 
Giltedge of Koshkonong Place 21989. ..| 21 | 538/61.9] 8.913} 20 | 487/52.7 | 9.169 
Onoko of Maple Row 11522........... 10 | 537/61.8} 9.014) 8 | 533/58.8 | 9.162 
May King of Linda Vista 17946........ 16 | 599)61.7] 9.838} 15 | 585/64.6 | 8.828 
Border Raider 22243.................. 30 | 618/61.6) 9.980) 28 | 566/69.7 | 9.483 
Langwater Royal Master 23663........ 14 | 632/61. 5)10.254) 9 | 626/65.0 | 9.565 
May Rose King 2d 13130............... 16 | 594/61. 5) 9.963) 9 | 582/64.2 | 9.052 
Florham Monarch 20771.............. 10 9.172) 9 | 599/66.9 | 8.894 
Modena’s Yeoman of Langwater 10764 | 15 9.050} 2 | 642/71.9 | 8.941 
Jewel’s Independence 10324........... 10 .2}10.782| 6 | 553)57.2 | 9.642 
Langwater Traveler 38325............ 15 61.0) 8.676) 11 | 529/65.3 {10.009 
Baubigny’s Squire of Keewaydin 21834] 11 60.9) 9.476) 10 | 578)/68.8 | 8.408 
Flora’s Sequel of Vimiera 25905... .... 20 .8| 9.397] 1 | 526/60.7 | 8.662 
30 . 7/10. 149} 26 | 565)57.5 | 9.872 
Sister’s King 33653................... 11 9.236) 4 | 423)52.9 | 8.195 
Aimable of France 13739............. 10 —— 5 | 496/54.6 | 8.762 
Cherub’s Winner 34180............... 14 9.417) 11 | 491/59.0 | 8.324 
Julian of Koshkonong Place 14409....| 10 9.905} 8 | 548)/58.9 | 9.515 
Langwater May King 13001...........| 20 9.731| 16 | 592/60.8 | 9.724 
Moss Raider 22155...... 15 8.853} 9 | 483/54.0 | 8.980 
Penwyn of Rosendale 11282........... 11 404) 8 = 5 | 9.945 
France’s Jewel’s Champion 17970... .. 13 .751| 1 | 513/50.5 |10.140 
Marshal of France 9051............... 12 .206} 5 | 506/53.4 | 9.560 
11 .332| 9 | 483/51.9 | 9.328 
Rockingham 18120.................... 10 .565| 6 | 540/56.8 | 9.674 
Gay Lad Du Braye G2026............ 18 .059|} 1 | 648/60.7 |10.669 
Florham Golden Lad 18119........... 12 .525| 7 | 747/71.1 |10. 496 
Royal Governor of L’Etiennerie G1484} 10 .023| 1 | 487/67.3 | 7.246 
King of Medfield 15434................ 10 1531 4 | 431)52.0 | 8.200 
Glenwood’s Main Stay 40th 28108... .. 12 .509| 3 | 523/63.7 | 8.245 
Spotswood Rival 8346................ 12 .354| 2 | 471/44.1 |10.643 
May King of Ingleside 12558.......... 22 . 829} 20 483/55.0 | 8.888 


TABLE 1—Continued 


DAUGHTERS DAMB 
2 | 38 
NAME AND NUMBBR OF SIRE > | 
Gay Boy of the Isle 16998............ 17 | 581|59.6| 9.836} 9 | 571/64.5 | 8.978 
Casterilius of Nelsonville 18052....... 10 | 587/59. 5) 9.954) 10 | 576/64.2 | 9.219 
Don Bernando of Linda Vista 20617. ..| 11 | 629|59.3/10.660| 7 | 527/56.6 | 9.430 
May Rose King 8336................. 21 | 632/59. 1) 9.975) 18 | 532/55.1 | 9.625 
King Masher 8th 20973............... 11 | 595/59. 1/10.046] 9 | 537/56.5 | 9.519 
Langwater Frederick 22268........... 17 | 553)59.0) 9.076} 12 | 592/61.4 | 9.694 
Duke of Waumesit 13480..............| 12 | 555)59.0) 9.414) 6 | 494/53.9 | 9.197 
Bell Buoy of Linda Vista 19430....... 32 | 575|59.0) 9.747) 24 | 542/64.8 | 8.489 
Glenwood’s Reputation 7687.......... 20 | 533/58.9| 9.152) 4 | 477/52.2 | 9.196 
Langwater Golden Secret 26510.......| 14 | 579|58.8| 9.927| 8 | 615/68.5 | 9.174 
11 | 547/58.8) 9.241) 3 | 525/53.6 | 9.852 
Marcia’s Glenwood of Pinehurst 11560.| 10 | 545/58.7| 9.365) 6 | 514/54.8 | 9.480 
30 | 558/58.6] 9.543) 5 | 669/81.9 | 8.184 
Langwater Hambro 21011............. 27 | 551/58. 5) 9.605) 23 | 482/53.1 | 9.226 
Stranford’s Glenwood of Pinehurst 
14 | 565/58. 5) 9.669) 14 | 566/64.17) 8.890 
13 | 561/58.5) 9.532) 4 | 763/73.0 |10.528 
Ideal’s Senator 14736................. 13 | 474/58.5) 8.185) 11 | 454/54.7 | 8.374 
Starlight’s Excelsior 7992............. 24 | 521/58.3) 8.956} 10 | 477/57.9 | 8.265 
Pencoyd’s Golden Secret 16550........ 14 | 538)58.3) 9.474) 10 | 612/63.7 | 9.668 
Itchen May King of Stannox 34377..... 13 | 534)58.2) 9.158) 12 | 591/64.8 | 9.028 
Robert’s Criterion of Bellevue 26887...| 18 | 589)58.1) 9.871] 2 | 514/64.7 | 8.395 
Triple Champion 13067............... 18 | 544/58.0) 9.473) 13 | 516/60.3 | 8.476 
Dairymaid’s Standard of Iowa 28946. .| 12 | 541/58.0) 8.816} 11 | 533/58.2 | 9.272 
Langwater Demonstrator 16451.......| 66 | 611/57.9) 9.865) 46 | 515)55.4 | 9.392 
Rutila’s Gold Basis 5625.............. 13 | 487/57.9| 8.464) 7 | 455|52.3 | 8.764 
13 | 9.291) 6 | 570|59.8 | 9.461 
Langwater Frenchman 19226.......... 28 | 537/57.7| 9.172) 24 | 542/58.6 | 9.261 
Goldseeker of Anna Dean Farm 26106. .| 18 | 547/57.7| 9.479) 10 | 726/70.6 |10.047 
14 | 524/57.6] 9.211) 4 | 519/56.1 | 9.198 
Dimple Bloom 14369.................. 10 | 557/57. 4) 9.637) 2 | 584/60.1 | 9.679 
Glenwood Boy of Haddon 4605....... 26 | 521/57.3) 9.147) 21 | 559/64.8 | 8.613 
Barrington May King 19312.......... 19 | 594/57.3)10.376) 17 | 570|51.7 | 9.982 
France’s Masher 2d 7248..............| 12 | 512/57.3) 8.954) 1 649)68. 2 9.511 
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TABLE 1—Continued 
DAUGHTERS DAMB 
is 5 3 
NAME AND NUMBER OF SIRB 2 
|< |< | |< |< 
Moonlight King of Anna Dean Farm 
on 13 | 543 438/57.8 | 7.325 
Lehigh’s Golden Emperor 15761........ 18 | 516 usr. 4 | 7.616 
16 | 533 568)59.3 | 9.550 
Sequel’s Monogram 15649............. 30 | 543 460/56.2 | 8.878 
Itchen May King 25174...............| 20 | 574 599/63.5 | 9.484 
Langwater Dictator 15668............ 11 | 513 421/49.6 | 8.387 
15 | 486 579/65.1 | 8.914 
Langwater Royal 7th 20632........... 18 | 588 455|54.6 | 8.629 
Jury of Koshkonong Place 16793...... 24 | 497 451/49.4 | 9.180 
Mav Rose Secret of Pencoyd 27844. ..| 14 | 549 9.656 
Governor of the Vanquiedor 39925....| 20 | 508 483/60.1 | 8.036 
Golden Secret 12599.................. 15 | 529 507|57.5 | 8.978 
Ivy’s Emblem G3804................. 10 | 566 662/70.1 | 9.435 
Galaxy’s Sequel 16904................ 53 | 523 542/60.5 | 9.001 
Raymond’s Pioneer of Lewistown 
Rutila’s Sheet Anchor 5701............ 11 | 505)/56.2 9.046 
Robina’s Standard 7254............... 21 | 473)56.1 .7 | 9.065 
Golden Secret of Pencoyd 23462...... 22 | 536/56. 1) 9. .1 | 9.924 
Tite 14 | 529)56.0) 9. | 9.142 
11 | 506)56.0) 9. -0 | 9.708 
Alderney Raymond 26357............. 29 | 516/56.0) 9. .8 | 9.891 
Pencoyd Quaker Boy 35552........... 10 | 556|55.9) 9. .0 | 9.807 
Yeoman’s King Victor 22295..........| 15 | 539)55.8 9.295 
Governor of the Chene G1297......... 112 | 524/55.7 9.123 
Spotswood Masher Sequel 9687....... 11 | 504/55. 8.355 
17 | 540)55.7 9.242 
Dean of the May 21815............... 20 | 526/55.7 9.556 
Hope’s May Rose of Maple Hill 35903. .| 12 | 518)55.6 7.795 
Langwater Islander 31329............. 10 | 530/55.6 8.732 
Langwater Fisherman 21873.......... 12 | 549/55. 4 9.604 
Princesse’s Jewel 24877............... 31 | 515)55.3 9.652 
Prince of Sarnia 22000................ 21 | 523/55.3 9.763 
Beda’s May Day 34995............... 10 | 546 8.702 


Langwater Raritan 17052............. 
Duke of Mouilpied G2045............. 
Jacqueminot of Linda Vista 23564... . 
Masher’s Sequel 11462..... .......... 
Glenwood’s Stranford 9386............ 
Robert’s Boy 21662................... 
Auricula’s Main Sheet 8870........... 
Glenwood’s Combination 8th 12550... 


Lily Ella’s Squire 6597............... 
Selma’s Main Stay’s Son 23585....... 
George Washington of Fairfield Farm 


Raymond of the Preel IV 19235....... 
Itchen Red Raider 27342............. 


St. Austell Dreadnaught 34671....... 


Strong Anchor 5849................... 
Glenwood’s Main Stay 6067........... 
Lohier’s Beta Raider of Waddington 


month of maximum 


Total 
month of maximum 
Total 

Maximum 


fat 


Average mature equivalent, 


Average mature equivalent, 


| mature equivalent 


£288 


SEssesiss 


SESE 


to or 
& 


PE 


3 


CON 


#225 
388 


own 
w 


450 Cc. W. TURNER 
TABLE 1—Continued 
DAUGHTERS DAMS 
NAMB AND NUMBER OF SIRE 
8 
2s 
i< 
17 | 566/55.2 
11 | 523)55.2 
| 19 582)55.1 
| 20 | 537/55.1 
| 70 | 511/55.0 
20 | 516)/55.0 | 14 | 448/48.7 
520/55.0 3 | 568\64.0 | 
10 | 495}55.0 5 | 528163. 5 | 
a 11 | 504/54.8 5 | 438/46.4 
The Conqueror II 15323..............| 17 | 542|54.7 4 | 504/53.8 
Wolfram 5640.......................-| 10 | 470)54.7 5 | 667/67.1 
15 | 5 | 456/46. 1 
10866 12 | 516)54.5 | 548/60. 8 
10 | 549/54.3 62.7 
Governor of the Cateret G3421.......| 13 | 570)54.2 597/57.0 
Allenwood King Regent 23611........| 13 | 562/54. 2/1 508/52.9 
Raymond of the Preel VI 14360.......| 12 | 467/54.1 494/52. 4 
Dairymaid’s Pride of Iowa 14941......| 12 | 518/53.9) 9596 601/68.7 
Selma’s Glenwood 12596..............| 19 | 478/53.8 52660. 7 
Souvenir of L’Etiennerie 21925. ......| 17 | 523/53.8 584/63.7 
13 | 483/53.7 537|65.3 
Sir Snowdoun 19252..................| 20 | 496/53.5 
Radium 12 | 445/53.5 495/63.8 
Frank Rilma 21901...................| 11 | 520)53.5 
Dairymaid’s King 12898...............]| 21 | 490/53.4 
Nelson IT 12 | 407/53.4 
Lord Mar V 18961....................]| 10 | 456/53. 4 
15 | 491/53.2 
} 
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TABLE 1—Concluded 


DAUGHTERS DAMB 
g | Bg 
NAME AND NUMBER OF SIRE » >» 18 
ile ls] li le 
; 
HEAL HEE i 
Dandy of Beirnetown 29963........... 17 | 523)52.7) 9.742) 16 | 512)48.2 | 9.685 
11 | 448/52.7) 9.268) 1 | 621/72.5 | 8.558 
Norfolk Squire 11565................. 14 | 504/52.6) 9.584) 6 | 506/56.1 | 9.055 
Raymond of Blaye Farm A191........ 13 | 521/52.6) 9.665] 1 | 483/54.8 | 8.798 
Dan Patch of the Isle 21293.......... 11 | 517)/52.6| 9.850) 11 | 511)65.6 | 9.251 
Rhea’s King of the May 14368........ 21 | 514/52. 4| 9.941) 15 | 511/57.7 | 8.869 
Barmouth of Pencoyd 11059.......... 12 | 461/52.0) 8.954) 6 one 7.971 
Glenwood’s Son of Gayhead 19617....| 10 | 551/51.9)10.210) 3 | 554/60.3 | 9.173 
Christy of Pinehurst 31st 31984....... 10 | 479)51.6| 9.177) 5 | 419/48.8 | 8.577 
Raymond of the Preel 11353.......... 17 | 451)51.5) 8.950) 4 8.733 
Christie’s Combination 14651......... 10 | 475)51.2) 9.389} 9 9.370 
Gypson’s Count 8125................. 18 | 434/51.0) 8.569) 1 8.039 
Roy of Norwood 8141................. 18 | 530/50.7| 9.344) 8 9.057 
Raymond of the Preel II 13381....... 12 | 475|50.3 ome 7 9.145 
Fanny’s Sequel 19563................. 28 | 478/49.9) 9.428} 7 9.459 
10 | 400/49.5) 8.213] 5 7.462 
Governor of the Gree 19123........... 15 | 500/49.3/10.150) 2 8.908 
Rouge II’s Son 18587................. 10 | 471/49.3) 9.592} 9 8.756 
Golden Anne’s Fernwood of Home- 

os 16 | 461/49.1) 9.314) 2 10. 268 
Malcolm of Maplehurst 5626.......... 12 | 454/48.7| 9.412) 7 10.035 
11 | 442/47. 4) 9.435) 10 9.212 
Preel VII’s Champion Butter Boy 

13 8. 12 9.573 
Galaxy’s Lavinius 12548.............. 20 | 435/45. ar 17 8.732 
cosas 14 | 405/45.1| 9.174) 14 9.282 
Overture of Prospect 32821........... 10 | 456/45. 1/10.067) 6 9.686 
Sunburst’s King Maiden 37423........ 16 pe 9.305) 12 8.950 
Coralette’s Son 3987.................. 12 | 399)44.9) 8.976) 11 8.167 
Vaillant Coeur 7740.................. 13 | 416/41. 5/10. 10 9.966 


with resultant improvement, a much more certain plan of se- 
curing cows which possess these two characteristics to a high 
degree would be the use of sires having already demonstrated 
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through their daughters high maximum and persistent produc- 
tion. The next best plan would be the use of sons of such sires. 


COMPARISON OF THE MAXIMUM PRODUCTION OF THE DAMS 
AND DAUGHTERS 


As in the study of total yearly fat production, the relative 
effect of the sire and the dam on the daughters maximum pro- 
duction is of great interest. A summary of the results of the 


TABLE 2 
Dam and daughter comparison of Guernsey sires 


. STRE’S CLASS: SIRE'S CLASS: 
WITH | MAXEWOM | MaxiMoM | | MAXIMUM 
| | | MONTaLY | MONTHLY | MONTHLY | MONTHLY 
DAM'S BETWEEN | BETWEEN 70 75 
| Sous | | Sawn st | | | | 
FAT 
MAXIMUM 
8 
i i is is 
30-39 | 45.2) 5 42.6) 10 | 46.9) 22 55.1) 10 55.9) 1] 58.4) 4] 74.4 
40-49 | 11 | 45.0) 41 | 45.5) 77 | 52.0/153 | 55.9/123 | 59.9) 33 | 62.8) 10 | 68.6 
50-59 | 14 | 43.5) 25 | 48.1] 98 | 53.6/227 | 57.6/178 | 64.1| 72 | 66.0) 28 | 69.8 
60-69 | 2 | 47.0) 13 | 49.1| 43 | 53.5/144 | 60.1/151 | 64.0) 92 | 70.4) 16 | 72.9 
70-79 4 | 58.1) 40 | 56.4) 69 | 60.8) 80 | 64.8) 41 | 69.6) 15 | 79.1 
80-89 10 | 56.7/ 13 | 60.0) 18 | 66.2) 23 | 71.7) 5 | 79.5 
90-99 61.1) 64.3) 7 | 66.2) 78.7) 2 76.2 
100-1 3 | 57.4) 2 | 60.1; 1) 71.5) 5 | 74.6 
110-11 wine 
| 120-1 1 | 64.5 | 


dam and daughter comparison is shown in table 2. It will be 
noted that the sires are grouped into classes on the basis of their 
daughters’ average maximum months’ fat production. Then 
the average production of daughters by dams of varying pro- 
ductivity was determined. In order to determine the average 
influence of the dam on the daughters production, straight line 
equations most nearly fitting the observed values were calculated. 


| 
| 
| 
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The equations are of the form D = a + bd in which D is the 
average production of the daughters; d the production of the 
dam, b the constant increase in production of the daughters 
for each pound of increase in the production of the dams, and a 
the sire’s potential transmitting ability with dams of such low 
production that they contribute nothing to the daughters. 


CONSTANTS 
CLASS OF SIRES (SIRE'S DAUGHTER'S MAXIMUM PRODUCTION) 
a 
52.2 0.34 
36.2 0.21 


The value obtained for b in each case indicates the contribu- 
tion of the dams to the daughters inherited producing ability 
during the maximum month. The dam’s contribution was found 
to vary from 15 to 34 per cent, being greatest in the groups of 
sires with daughters having the highest maximum. The aver- 
age influence of the dams for all groups was 20 per cent. These 
results may be expressed in the form of the following equation. 


(1) Daughter’s maximum _ 0.20 X dam’s maximum , sire’s potential 
fat production - . fat production transmitting 
ability 
(2) Sice’s potential _ daughter’s maximum _ 0.20 X dam’s 
transmitting ability fat production . maximum 


fat production 


These equations indicate that when using the dam’s producing 
ability as an index of her transmitting ability and using a sire’s 
daughter’s average mature equivalent fat production as his in- 
dex of transmitting ability that the former can be given only 
20 per cent consideration. The second equation will be useful 
in determining the sire’s potential transmitting ability when 
the daughter’s and dam’s production is known. In comparison 


454 Cc. W. TURNER 


to the equations indicating the relation between dams, daughters 
and sires, it will be noted that the dam apparently contributes 
more to maximum production than to yearly production. 


THEORETICAL DISCUSSION OF RESULTS 


Can these results which are far from the results one might 
expect be reconciled with genetic and cytological facts? The 
following discussion is an attempt at such an explanation. If 
it is incomplete or faulty it will at least be a starting point for 
further experiments and discussion which in the end will result 
in an advance in our knowledge of the inheritance of the factors 
concerned in milk secretion. 

The cytological facts in regard to the number of chromosomes 
carried by the egg and sperm in dairy cattle has been worked 
out by Wodsedalek (12). He has found that the female is the 
result of the union of an egg containing 19 chromosomes and a 
sperm containing 19 chromosomes. The male is the result of 
a union of a sperm containing 18 chromosomes and an egg con- 
taining 19 chromosomes. In other words, the female is homo- 
zygous and the male heterozygous for the sex chromosome. If 
the genes for large milk and fat secretion were carried on the 
sex chromosome (were sex-linked) it would be the female which 
would have the greater possibility in the transmission of the 
genes which influence milk and fat secretion. As it has already 
been shown that the sire can transmit his producing ability 
through his sons to his granddaughters to a high degree, even 
when he does not furnish a sex chromosome to his son, it is ap- 
parent that the genes concerned in the transmission of the charac- 
ters for milk secretion do not lie on the sex chromosome and, 
therefore, are not sex-linked. 

Due to the fact that the sire and dam contribute the same num- 
ber of chromosomes to the female offspring, it has been assumed 
that the production of the daughters would be intermediate 
between the parents. This indeed has been found true for many 
characters which have been studied. In all cases studied, how- 
ever, both the male and female exhibit the characters concerned. 
Milk secretion differing from such characters as size, etc., is 
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expressed only in the female sex. No direct measure of the sire’s 
inheritance is possible. 

While the female’s production of milk and fat has been taken 
not only as the measure of her inheritance, but also of her trans- 
mitting ability, the male’s measure of inheritance has been 
solely one of transmitting ability. In other words, an individual 
production test has been compared with a transmission or prog- 
eny performance test. It is this difference which has caused 
the sires to appear to contribute more to their daughers’ pro- 
ducing ability than do the dams. 

Why is a production test of the dam inferior to a progeny 
production test. The answer to that question can be found in 
Mendel’s Law of inheritance. It has been found that plants 
and animals do not always breed on as they appear. Only the 
recessives always breed true to their appearance. The domi- 
nants are of two kinds, pure dominants and heterozygous domi- 
nants, only the former of the two kinds breeding true although 
in appearance are exactly similar to those heterozygous. 

The theory is advanced that the factors which are concerned 
with the inheritance of large milk and fat secretion are in part 
at least dominant over the factors which produce a condition of 
limited secretion. The fact that dairy cattle do not breed true 
to their performance indicates that some, if not all, of the factors 
concerned in high production are dominants. The low pro- 
ducers maintain from generation to generation a yield of milk 
only sufficient to raise their calves. 

Assuming that a large proportion of the factors for large pro- 
duction are dominant the experimental results obtained are 
easily explained. As already mentioned, it is believed that a 
large number of genes or factors are concerned in bringing about 
maximum secretion. The number and the relative contribution 
is a problem of the future. As it is difficult to deal with large 
numbers of factors, a trihybrid will be used as an illustration. 
Let us assume further that the dominants have a value of 30 
pounds of fat and the recessives 5 pounds of fat, then: 


Cow I of the composition AABBCC would produce 90 pounds of fat during 
the maximum month. 
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Cow II of the composition AaBbCe would produce 90 pounds of fat duriag 
the maximum month. 
In segregation cow I would produce eggs of the following kinds: 
ABC ABC ABC Average 90. 
90 90 90 
Cow II would produce eggs of the following kinds: 
ABC ABe AbC Abe aBC aBe abC abe Average 52.5. 
90 65 65 40 65 40 40 15 


Cow I being homozygous for 90 pounds of fat during her maxi- 
mum month would contribute 90 pounds to all her progeny. 
Cow II being heterozygous although producing 90 pounds of 
fat would transmit only an average of 52.5 pounds of fat if all 
combinations were represented in her progeny. A single daugh- 
ter might go as low as 15 pounds of fat or as high as 90 pounds of 
fat depending on the particular combination of genes which 
were received—the sires contribution not being considered. 

The actual experimental results obtained indicate a high aver- 
age degree of heterzygosity on the part of the females of the 
breed for the closer the approach to homozygosity the closer 
will the production records indicate the transmitting ability. 
This may be explanation why the dams maximum fat produc- 
tion is closer to her transmitting ability than her yearly record 
is an index of transmitting ability for yearly production. 

The above illustration if applied to a sire indicates the value 
of a progeny performance test. Instead of using a single pro- 
duction test, the sire’s ability is based on a group of daughters 
which tends to include all possible combinations of genes in 
segregation. 


SUMMARY 


1. Rather than to attempt a factorial analysis of the milk 
secreting function of the dairy cow, it is proposed that the charac- 
teristics of the lactation curve be studied in order to group to- 
gether all factors which may affect certain parts and to study 
these characteristics from a genetic standpoint. 

2. The two most important characteristics of the lactation 
curve of milk secretion are believed to be the height of pro- 
duction of milk and fat during the maximum month or other 
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convenient unit of time, and the persistency of secretion or 
the rate of decline of production. 

3. A study was made of Guernsey Advanced Registry records 
to determine the relative effect of the sire and dam on the daugh- 
ters maximum fat production. 

4, The results were expressed by the two following equations: 


(1) Daughter’s maximum fat _ 0.20 X dam’s maximum , sire’s poten- 
production ; fat production tial trans- 
mitting 
ability 


(2) Sire’s potential 
transmitting = 
ability 


daughter’s maximum _ 0.20 X dam’s maximum fat pro- 
fat production : duction 


5. The cytological studies indicate that the sire and dam con- 
tribute the same number of chromosomes to the female. The 
male is the result of the usual number of chromosomes from the 
dam and one less from the sire. This is taken to indicate that 
the above results can not be explained by sex-linked inheritance. 

6. The results are believed to be explained by assuming that 
the majority of the genes concerned in the inheritance of large 
fat secretion are dominant over small secretion. Such being 
the case, the only true test of an animal’s transmitting ability 
is a test of the progeny as compared to a performance record. 
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SWEETENED CONDENSED MILK 
VI. TALLOWINESS* 


FRANK E. RICE 
North Carolina State College, Raleigh, North Carolina 


There are, perhaps, more different and distinct flavors produced 
from the decomposition of milk fat than from any other fat or oil. 
While in other industries any abnormal flavor of fats is denoted 
as “rancidity,” in the milk products industries attempts are 
made, particularly in recent years to distinguish between several 
different flavors, such as tallowiness, fishiness, rancidity, metallic 
and so on. 

Tallowiness is a flavor remotely resembling tallow. It has 
been recognized in butter, powdered whole milk and raw milk. 
It is commonly accompanied by bleaching of the fat, and is 
generally attributed to the action of oxygen on the fat, the re- 
action being catalysed by light, ultraviolet light, metals, or free 
fatty acids (1). Mention was made of this defect in condensed 
milk in one of our previous papers (2), at which time it was 
pointed out that the flavor had been found to develop when 
unusual amounts of copper were present. The purpose of this 
paper is to present data in support of that statement, to con- 
tribute other information concerning the cause of this defect, 
and to discuss methods of prevention. 

The flavor of tallowy condensed milk resembles to a consider- 
able degree tallowy butter and powdered whole milk. It is a 
condition not so marked as that of rancidity or bacterial thicken- 
ing. The acidity does not increase, neither does the viscosity. 
The odor and taste except in rare instances are very weak. Unless 
it is an extremely bad case the product may be used in baking 
and in candy making. In hot beverages the flavor is brought 
out to such an extent as to make it unusable. On opening a tin 


* This work was done in codperation with the Nestles Food Company of New 
York. Received for publication December 5, 1925. 


459 


| 


1, 


460 FRANK E. RICE 


the sample appears sometimes but not always a little paler than 
normal. The tallowy flavor of the freshly opened sample remains 
even after exposure to the air for several days. 


EXPERIMENTAL 


Since it has been generally believed that tallowiness in other 
milk products is due to the oxidation of fat, a catalyst possibly 
being necessary for the reaction to take place, it seems fair to 
postulate that a similar reaction is involved in thiscase. Tins 
of condensed milk always include some air, and the product may 
contain a great deal of copper since so much of the condensing 
equipment is ordinarily constructed of that material. Light is 
eliminated as a factor here, since commercial samples are found 
only in tin; particular care was taken in this experimental work 
that samples in glass were kept in a dark place. 


Oxygen as a factor in tallowiness production 


It has often been noted in commercial samples, though this is 
not always the case, that it is only the layer of condensed milk 
at the top and exposed to the air space which is found tallowy. 
And this has been always the rule in experimental samples, unless 
care was taken to mix the liquid from time to time, in this way 
bringing fresh surfaces in contact with the air space. It has 
always been found in experimental samples that when tins or 
bottles were filled entirely full, there was less tallowiness, if any 
at all, than when a liberal air space remained above the liquid. 

Experiment 1. To a sample of condensed whole milk was 
added 50 mgm. of copper in the form of copper lactate. The 
weighed amount of the salt was dissolved in a few cubic centimeter 
of water, added to the condensed milk, warmed to facilitate mix- 
ing, and stirred well with an egg-beater. This was divided into 
three parts each placed in a fruit jar so that the jar was only 
about three-fourths full. The air was displaced with oxygen gas 
in sample 1, and with carbon dioxide in sample 2; air filled the 
space in sample 3. The jars were well sealed to prevent escape 
of gas, and held in an ice storage room for later inspection. 
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Inspections for flavor were made at the end of twenty and forty 
days: At each time sample 2 was unchanged in flavor. Sample 
1 was described as very tallowy at twenty days and extremely 
tallowy at forty days. Sample 3 was distinctly tallowy on both 
occasions but never becoming as strong as sample 1. 

This experiment shows that oxygen is a necessary factor for 
the production of tallowiness in sweetened condensed milk. 


Production of tallowiness a chemical not a biological change 


In all the experiments here described the samples were held in 
an ice storage room until time of inspection. This procedure was 
adopted after several unsuccessful attempts to prevent growth of 
mold in other ways, it being impossible in the preparation of 
samples to prevent contamination. Due to the fact that con- 
densed milk ordinarily becomes tallowy only after weeks or 
months, there is sufficient time for mold to develop and make it 
impossible to inspect the sample for tallowy flavor. It was found 
that the temperature of the ice storage room (27° to 32°F.) was 
such that mold growth was prevented while tallowiness developed 
just as rapidly as at room temperature. This is an indication 
that the reaction is due to the chemical oxidation of fat, and not 
to organisms or enzymes. 

However, as was pointed out in the preceding paper of this 
series (3), it is possible that free fatty acids may catalyze the 
reaction involved in-tallowiness formation. Fatty acids in milk 
products are derived most commonly from an enzyme hydrolysis 
of butter fat. In this way, therefore, enzymes may indirectly 
hasten tallowiness. This point of view might explain the findings 
of Palmer and Combs (4) where experiments bore indication that 
in butter a greater degree of tallowiness results when enzymes 
are present. 

Other proofs of the statement that biological processes have 
nothing to do directly with tallowiness in condensed milk are the 
following: 

1. Exposure of the product to very high temperatures for long 
periods of time did not lessen the effect, in fact it seemed that 
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when samples were exposed to a great deal of heat more tallowiness 
developed. 

2. Bacterial counts on eight samples of tallowy condensed milk 
were—175, 220, 550, 770, 1050, 2570, 1690, 1400; the two which 
are lowest in bacterial counts happened to be strongest in the 
tallowy flavor. 

3. At one time some samples to which had been added some 
copper for the purpose of obtaining tallowiness were divided 
and to one series was added 0.1 per cent mercuric chloride, to the 
other none. Later inspection showed that both series of samples 
became tallowy at equal rates. 


TABLE 1 
wim INSPECTION AT THE END OF 
NUMBER 
25 days 45 days 70 days 100 days 

1 0 0 0 0 
2 0 0 + 
4 ++ +++ 
7 
8 0 0 


Normal flavor, 0; tallowiness, distinct, +; tallowiness, fairly strong, ++; 
tallowiness, exceedingly strong, +++; blank spaces indicate that no inspection 
was made. 


Copper as a factor in tallowiness production 


Experiment 2. A quantity of freshly condensed milk was 
divided and treated as follows: Sample 1, no addition; sample 2, 
adding per kilo of product 2.5 mgm. of copper in the form of 
lactate; sample 3, 5 mgm.; sample 4, 10 mgm.; sample 5, 25 
mgm.; sample 6, 50 mgm.; sample 7, 25 mgm. of copper as am- 
moniacal cupric oxide; sample 8, clean bright copper strips were 
introduced so that one end extended above the surface of the 
milk. 

Several samples of each series were placed in sterile bottles, 
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leaving some air space. At each inspection a sample was used 
that had not been previously opened. Particular care was taken 
each time that the inspector did not know to which series the 
sample under consideration belonged until after judgment had 
been passed. Table 1 gives the results of inspection for tallowy 
flavor. 

The speed of tallowiness production and the degree of flavor 
is seen to increase with the amount of copper present, an addition 
of as little as 2.5 mgm. per kilo being effective. In experiment 1 
it was shown that oxygen is a necessary factor. It is concluded, 
therefore, that tallowiness is here caused by the action of oxygen 
on some constituent of the milk, the reaction being hastened by 
the presence of copper. (But this is not to exclude the possibility 
that other catalysts than copper may be effective.) 

Five batches of condensed milk which were found to show 
varying degrees of tallowiness under most conditions were found 
to contain 3.9, 4.2, 5.7, 7.7, and 11 mgm. copper per kilo. Rice 
and Miscall (2) have reported finding in normal canned milk 2.4 
to 4.8 mgm. copper per kilo with an average of 3.7 mgm. It 
would seem, therefore, that some batches of normal condensed 
milk might contain sufficient copper to cause tallowiness under 
suitable conditions, and this has been found to be the case. On 
several occasions condensed milk as canned in the factory and 
placed on the market did not become tallowy, while portions of 
the same batch held in fruit jars, leaving a liberal air space, did 
develop the flavor. Also in a few instances portions of con- 
densed milk to which an excess of copper was added were filled 
into containers so that practically no air space remained, it was 
always found that tallowiness developed to a lesser degree than 
when more air remained in contact with the surface of the liquid. 
The conclusion to be reached from these experiments is that either 
oxygen or copper may may prove to be the limiting or controlling 
factor in tallowiness production. 

Experiment 2 shows also that copper in other forms than 
lactate is effective. The metal in contact with condensed milk 
produces the tallowy flavor but slowly, due no doubt to the slow- 
ness with which it dissolves and diffuses in the milk. In another 
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experiment it was found that copper chloride and copper oxide 
caused tallowiness. The active factor is no doubt, therefore, 
the cation of these salts. 


Tallowiness due to a decomposition of the fat 


Since tallowiness has always been found in butter and separated 
butter fat as well as other fats, and since it has been noted in 
powdered whole milk but not in powdered skim, there seems little 
doubt that in those products the abnormal flavor is caused by a 
chemical change in the fat. 

An attempt was made to obtain normal condensed skimmilk 
with no fat, but the nearest approach to it was a sample with 1.39 


TABLE 2 


INSPECTION AT END OF 
SAMPLE 


12 days 30 days 


Skim, 40 mgm. copper per kilo....................... + + 
Skim, 20 mgm. copper per kilo. ...................... > + 
Skim, 0 mgm. copper per kilo....................... 0 0 


Whole, 40 mgm. copper per kilo. 
Whole, 20 mgm. copper per kilo... .................. ++ ++ 
Whole, 0 mgm. copper per kilo. .................... 0 0 


See table 1 for key to symbols. 


per cent fat. This was compared with normal condensed whole 
milk with 8 per cent fat: To each was added 20 and 40 mgm. of 
copper in the form of lactate. The various portions were placed 
in fruit jars filling them about three-fourths full; the remaining 
space contained oxygen gas. Results of inspections are given in 
table 2. 

Two other experiments gave results similar to those here shown. 
Condensed skimmilk may become slightly tallowy but to a very 
much less degree than condensed whole milk under the same con- 
ditions. Since, besides the fat, all other milk constituents are 
present in skimmilk in higher percentages than in whole milk, 
there is no doubt that tallowiness here is due to changes in the 
fat. 
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Exposure of condensed milk to air at the time of condensation 


Since the action of air or oxygen with a catalyst will produce 
tallowiness during storage, it seemed possible that exposure to 
air during condensation might cause the same flavor defect, the 
catalyst not being necessary. Vacuum pans leak at the bottom 
quite frequently, thus permitting a flow of air through the milk 
during condensation. 

For experimentation on this point provision was made for con- 
densing in glass. A 3-liter flask was used in connection with a 
vacuum pump so that boiling would take place at 130° to 135°F. 
Batches containing 4 pounds of milk with the proper proportion 
of sugar could be thus handled. 

Check batches prepared in this apparatus never became tallowy 
but when copper salts were present during condensation this 
flavor always developed. 

A batch run while air was continually bubbled through the 
milk did not become tallowy. On other occasions portions of 
normal factory condensed milk were warmed to 135°F. and air 
bubbled through for one-half hour, and in other portions oxygen 
was whipped in with an egg beater. Tallowiness was not pro- 
duced by these methods. 

It is to be concluded that this flavor is not caused from the 
exposure of a batch to air or oxygen at the time of condensation. 


Condition of factory equipment and its relation to tallowiness 
production 


It has frequently been observed that after a vacuum pan has 
not been used for a considerable period of time the first batch 
run is almost sure to become tallowy. Analyses have shown also 
that the percentage of copper is unusually high in such a batch: 
One day’s run in a factory on a pan which had not been previously 
used for several months produced condensed milk which when 
canned regularly into tins became strongly tallowy in thirty days. 
There was found 7.7 mgm. copper per kilo. 

A 100-pound batch ran on a small (copper) experimental vacuum 
pan not used for two weeks previously became strongly tallowy, 
and was found to contain 11 mgm. copper per kilo. 
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It is common knowledge that the surface of the copper of 
unused pans and hot wells becomes covered with a black oxide 
coat, but when this equipment is in constant use the surfaces 
remain bright. Rice and Miscall (2) have shown that more copper 
is dissolved in milk from an oxidized copper surface than from one 
that is clean and bright. It must be concluded, therefore, that 
tallowiness in batches manufactured in equipment not previously 
used for some time is caused by the excessive amounts of copper 
dissolved from the surfaces. 

Observations on some experimental batches prepared in glass 
with and without the addition of a piece of copper gauze fully 
corroborate these conclusions. 


Effect of other metals on tallowiness 


Aside from copper practically the only metals ordinarily coming 
in contact with milk in condensing equipment are tin and iron. 

Experiments carried out with these metals in the same way 
that has been described with copper showed that tin does not 
catalyze the reaction at all. The action of iron was generally 
found positive but weak: For instance, in one experiment 25 
mgm. per kilo of iron in the form of tartrate was added to a quan- 
tity of normal condensed milk, when frequent inspection showed 
that faint tallowiness developed only at one hundred twenty-five 
days. Under the same conditions 25 mgm. of copper produce 
extreme tallowiness in less than twenty-five days. 

Tin and iron cannot be important in the production of the 
tallowy flavor in condensed milk. 


SUMMARY 


1. Tallowy condensed milk is produced through the action of 
the oxygen of the air in the container on the butter fat of the milk, 
the reaction being catalyzed ordinarily by small amounts of 


copper. 

2. Tallowiness develops below 32°F. apparently just as rapidly 
as at room temperature; heat sterilization of the product does not 
prevent it; the bacterial counts of tallowy samples are low; 
addition of strong preservatives do not prevent the development 
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of the flavor. All these points are taken as proof that the re- 
action involved is chemical and that biological agencies have 
nothing to do with it. 

3. Pure oxygen was found to be more active in producing tal- 
lowiness than air. The development of the flavor could be pre- 
vented by displacing the air with carbon dioxide, or, by filling 
containers so full that no air space remained. Tallowiness 
increases, therefore, with the extent of exposure to oxygen. 

4. Tallowiness was found to increase with the amount of copper 
present. When the percentage of copper is small, much more 
oxygen or air space must be in contact with the sample to produce 
the flavor. And when there is but little air space more copper 
must be present. 

5. Condensed skimmilk may become slightly tallowy if it con- 
tains any fat at all, which it usually does in commercial practice. 

6. Copper condensing pans and hot wells that have not been 
used for some time previously yield an excessive amount of copper 
to the first few batches manufactured; accordingly, these batches 
are most likely to become tallowy. 

7. Tin was found not to catalyze the tallowiness reaction. 
Iron was found to do so but to a very much less degree than 
copper; it cannot be important in practice. 


Practical conclusions 


1. To prevent tallowiness the air space in the cans and the cop- 
per in the milk should be reduced to a minimum. 

2. Since open pasteurizers, holding tanks and hot wells may, 
if made of copper, yield more copper to the milk than vacuum 
pans (2), particular care should be taken that the milk does not 
remain in any of these articles of equipment longer than neces- 
sary. Wherever possible all copper equipment should be re- 
placed by other materials for the manufacture of sweetened con- 
densed whole milk. 

3. In experimental and laboratory samples tallowiness de- 
veloped only at the surface of the milk in contact with the air, 
but in samples obtained on the market this flavor may be found 
throughout the can. This is attributed to the fact that in ship- 
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ping and handling, the contents of the cans are so mixed that a 
new surface is frequently brought into contact with the air. 

4. After a copper pan or hot well has not been used for a long 
time, particular care should be taken to clean the surface so that 
a minimum of copper will dissolve in the first batch. In the 
experimental work no method of cleaning was found which would 
entirely prevent tallowiness from developing in the first few 
batches run. It is therefore concluded that such batches should 
be put on a quick market or used in ice cream or candy 
manufacture. 
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FACTORS FOR ADJUSTING MILK AND BUTTERFAT 
RECORDS OF REGISTER OF MERIT JERSEY 
COWS TO A UNIFORM AGE BASIS* 


M. H. FOHRMAN 


Dairy Cattle Breeding Investigations, Bureau of Dairying, United States Depart- 
ment of Agriculture, Washington, D. C. 


The influence of age on the production of milk and butterfat 
by dairy cows is not a new problem, and dairy literature con- 
tains much information on the subject. In 1917 (1) Pearl and 
Patterson reported the results of an analysis of seven-day Jersey 
milk records taken from “Jersey Sires and Their Tested Daugh- 
ters,’”’ a publication issued by the American Jersey Cattle Club 
in 1909. One of the conclusions of these authors was that 
maximum production is reached at approximately the age of 
8 years and 7 months. In 1919, Pearl, Gowen, and Miner (2) 
studied 2153 yearly milk records from the first two volumes of 
the Register of Merit and concluded that the actual maximum 
mean milk yield comes at 8.12 years. The following is quoted 
from their paper: “In these Jersey cows the absolute amount 
of milk produced per unit of time increases with the age of the 
cow until a maximum is reached, but the amount of increase 
diminishes each year with advancing age until the absolute 
maximum production is reached.” 

Later, Gowen (3) studied 1741 complete eight-months lacta- 
tion periods of Jersey cows from records in a single herd. He 
writes as follows: ‘The mean milk production for the eight- 
months period for those cows which are between 2 and 3 years 
of age, is 4032.9 pounds. From this point the milk production 
rises rapidly at first then more slowly to a maximum at about 
7 years. From this maximum the decline in milk production 
is less rapid toward the higher ages.”’ Here is a variation of 
about one year in the age of maximum production of cows of 
the same breed. 


* Received for publication November 9, 1925. 
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In 1921, Hooper (4) reported the results of a study of 1497 
Jersey records from the 1916 Volume of the Register of Merit, 
and in the following year McCandlish (5) added further knowl- 
edge on the subject of the effect of age on production. The 
latter used a total of 5772 Jersey records from the Register of 
Merit to July, 1916. These were grouped by ages according to 
the year in which the test began. The author concludes that 
the maximum milk and butterfat yield is reached at about 
eight years of age, and that the fat percentage of Jerseys rises 
from one to four years and then decreases irregularly. 

Most of the foregoing work was criticised by Ragsdale, Turner, 
and Brody (6) because of the limited data employed. They 
consolidated 195,678 records from the Jersey Register of Merit, 
Shorthorn Record of Merit, and Ayrshire, Guernsey, and Hol- 
stein Advanced Registers into a composite curve showing the 
effect of age on production. In the individual breed studies 
they used 13,723 Jersey records, and the 565 animals from eight 
to nine years of age show the highest average butterfat 
production. 

The purpose of the present study was to determine the effect 
of age alone on milk and butterfat production of Register of 
Merit Jersey cows. Although the material used has been criti- 
cised because of the selective influence which Register of Merit 
requirements exert on official records, yet the fact remains that 
one of the principal uses to which the results are to be applied 
is the adjustment of Register of Merit records to a standard age; 
and it would appear that correction factors derived from the same 
source as that to which they are to be applied are more nearly 
accurate than those from any other source. Needless to say, age 
relationship as determined from more than 14,000 Register of 
Merit records would likely be sufficiently characteristic of the 
Jersey breed to make the application of these correction factors 
to any Jersey records reasonably accurate. 

As has been shown elsewhere (7), the increase in production 
from an initial to a reentry record is due partly to increased 
age and partly to the development which the animal undergoes 
during the initial test. This development averages 11 per cent 
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of the reentry record for Register of Merit Jerseys. Because of 
this fact all reentry records have been omitted from this study 
of the influence of age on production, and the results are based 
on an analysis of 14,571 initial Class-A and Class-AA Jersey 
records contained in the Register of Merit up to and including 
the 1921 Volume. By discarding the reentry records the dis- 
torting influence of the factor of development is eliminated, 
as it will be shown that certain age groups have decidedly higher 
proportions of reentry records than others, thereby weighting 
the influence of development in these groups. Furthermore, 
the inclusion of reentry records tends to introduce the additional 
influence of selection exercised by the breeders in retesting more 
of their better cows (7). This would again raise the average of 
the age groups having the greater proportion of reentry records. 

In the case of Gowen’s (3) study of 1741 private records, it 
goes without saying that those in charge of the herd where the 
records were made used the heifer records as a basis for culling 
the nonproducers. If they failed to do so, then what was the 
purpose of the testing? If no low producers were eliminated, 
it must be assumed that there was an unusual increase in the 
number of females; or that cows were sold in their early maturity 
regardless of producing ability; or that the death rate equaled 
the birth rate, which would indicate a condition of herd health 
such as to make the records of doubtful value for statistical 
analysis. ; 

Our data confirm a well established popular belief that the 
maximum producing ability of dairy cows extends over a period 
of several years after they attain maturity. In most previous 
studies it has been shown that the age of maximum production 
is reached at some fixed time, such as 8 years, 1 month, 13 days. 
That any certain breed or any individual cow would reach her 
maximum producing capacity on such a narrowly prescribed 
time limit does not seem logical. Athletes, as rule, during a 
period of their lives are capable of performing at a fairly uniform 
rate; and the same is true of race horses. Utmost physical 
ability in most lines of endeavor as well as mental capacity 
continue unabated over a period of time. 
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If due allowance is made for environmental influences, which 
limit the value of all official records, the minor fluctuations in 
records of cows tested more than once during mature life can be 
fully accounted for. 

Figures 1, 2, and 3 show the curves of butterfat production, 
milk production, and percentage of fat, as evolved from the 
Register of Merit data already described. The curves of milk 
and butterfat production show that there is a period of maximum 
production from the age of 6 to 104 years. 

The trend of both the milk and butterfat production curves 
shows a sharp change at about the age of 6 years. The curve 
of milk production continues to rise slowly until about 10} years 
of age, when the trend changes. However, the total increase in 
milk during this period of 44 years is about 200 pounds, which 
may be attributed largely to the influence of three small groups 
(ages 10-2, 10-3, and 10-4) numbering only 45 animals, and in- 
cluding five records above 13,000 pounds of milk. A further 
contributing factor to this increase at the ages of 9 and 10 years 
is that the animals officially tested at advanced ages are more 
closely; selected, and only animals of unusual ability are tested. 

The influence of the declining percentage of fat is sufficient to 
offset the slight rise in milk after 6 years and to change the butter 
fat production curve to a horizontal, which remains practically 
so until the age of 104 years. 

The percentage of fat shows an almost uniform decline until 
after 11 years, and the succeeding portion of the curve is based 
on groups with limited numbers. This corresponds to Gowen’s 
(8) observations on percentage of Jerseys. 

The type of the curves of milk and butterfat production con- 
firms the belief that the period of maximum production of Jersey 
cows continues from 6 to 104 years of age. 

Unquestionably the shape of these curves would have been 
changed by the inclusion of reentry records, which were omitted 
for the reasons previously stated. Table 1 shows the number 
and average initial records used as compared with the number 
and average records which would have been added to each group 
if the reentry records had been included. The younger classes 
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receive little or no influence from the relatively higher reentry 
records. The table shows that every class from 44 up to 8} 
years would have had over 50 per cent additional records aver- 
aging from 14.3 per cent to 20.5 per cent higher than the initial 
records. 

To facilitate the work of adjusting Register of Merit records 
to a standard age basis, table 2, containing factors for correcting 


TABLE 1 
Initial and reentry records of Register of Merit Cows 


RATIO OF DIFFERENCE 
RECORDS REENTRY 
years number pounds number pounds per cent pounds 
Under 2 1237 343 0 
2 to 2 3633 368 0 
24 to 3 1313 386 51 412 3.9 26 
3 to 3} 1298 404 367 468 28.3 64 
3h to 4 1011 423 374 490 37.0 67 
4 to 4 924 +A) 422 505 45.7 65 
44 to 5 705 454 370 532 52.5 78 
5 to 5} 673 457 372 525 55.3 68 
5k to 6 587 469 326 543 55.5 74 
6 to 6 509 475 268 543 52.7 68 
64 to 7 404 471 237 543 58.7 72 
7 to 7} 395 468 215 564 54.4 96 
7% to 8 310 470 185 553 59.7 83 
8 to 8 267 480 140 565 52.4 85 
8 to 9 232 462 93 573 40.1 lll 
9 to 9 163 468 77 559 47.2 91 
94 to 10 128 475 63 549 49.2 74 
10 to 10} 114 476 40 530 35.1 54 
10} to 11 68 459 29 574 42.6 115 


milk and butterfat records, has been prepared from our data. 
The relatively slight variation in percentage of fat due to age 
does not warrant the application of correction factors, unless 
they be used in a gross way; furthermore, there are factors for 
adjusting both milk and butterfat records. The correction 
tables are prepared for ages in years and months for reasons 
which will be demonstrated. Criticism that this involves too 
much detail can readily be answered by the results shown in 
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applying various correction factors. Unless records are stand- 
ardized with care and precision, results will be badly distorted. 
For example, suppose two heifers complete records of 500 pounds 
of butterfat. Heifer A began her test at 2 years and 10 days, 
while heifer B started at 2 years, 5 months, and 10 days of age. 


TABLE 2 
Factors for correcting Register of Merit Jersey records to mature age basis 
Procedure: Multiply the actual record by the factor shown opposite the age at 
which the record was made in order to obtain the age-corrected record. 


ge | Es | | Es 
a 
years months years months years months 
1 5 1.55 | 1.51 3 1 1.21 | 1.18 4 9 1.07 | 1.05 
1 6 1.53 | 1.50 3 2 1.20 | 1.17 4 10 1.06 | 1.04 
1 7 1.50 | 1.47 3 3 1.19 | 1.16 4 ll 1.06 | 1.04 
1 8 1.48 | 1.44 3 4 1.18 | 1.15 5 0 1.05 | 1.03 
1 9 1.45 | 1.41 3 5 1.18 | 1.15 5 1 1.05 | 1.03 
1 10 1.43 | 1.39 3 6 1.17 | 1.14 5 2 1.05 | 1.03 
1 ll 1.41 | 1.37 3 7 1.16 | 1.13 5 3 1.04 | 1.03 
2 0 1.39 | 1.35 3 8 1.15 | 1.12 5 4 1.04 | 1.02 
2 1 1.37 | 1.33 3 oS) 1.14} 1.11 5 5 1.03 | 1.02 
2 2 1.35 | 1.31 3 10 1.14} 1.11 5 6 1.03 | 1.02 
2 3 1.33 | 1.30 3 ll 1.13 | 1.10 5 7 1.03 | 1.02 
2 4 1.32 | 1.28 4 0 1.12 | 1.09 5 8 1.02 | 1.01 
2 5 1.30 | 1.27 + 1 1.11 | 1.09 5 9 1.02 | 1.01 
2 6 1.29 | 1.25 4 2 1.11 | 1.08 5 10 1.02 | 1.01 
2 7 1.28 | 1.24 4 3 1.10 | 1.07 5 ll 1.02 | 1.01 
years 
2 8 1.26 | 1.23 4 4 1.09 | 1.07 6 to 10} | 1.00 | 1.00 
2 9 1.25 | 1.22 4 5 1.09 | 1.06 |} 10} to 12 | 1.01 | 1.02 
2 10 1.24 | 1.21 4 6 1.08 | 1.06 |} 12 to14 | 1.05 | 1.06 
2 ll 1.23 | 1.20 4 7 1.08 | 1.05 || l4andover/ 1.14 | 1.12 
3 0 1.22 | 1.19 4 8 1.07 | 1.05 


In a rough classification both would be called junior two-year- 
olds. Applying correction factors in Table 2 gives the following 
results: Heifer A, 500 x 1.35 = 675 pounds, mature equivalent; 
heifer B, 500 x 1.27 = 635 pounds, mature equivalent. The 
difference is 40 pounds of butterfat. 

If the conversion factor of Turner, Ragsdale, and Brody (9) 
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were applied, both heifers A and B would have mature equiva- 
lent records of 725 pounds of fat, or 50 pounds more than A and 
90 pounds more than B, as determined above. 

It might be of interest to apply the correction factors to a 
number of Register of Merit records. As a comparative group 
of Register of Merit cows, the various class leaders have as a 
common distinction the fact that each is supreme in her own age 
division. In table 3 are the actual and age-corrected records of 
the 365-day class leaders as listed in the Jersey Bulletin of July 
29, 1925. 


TABLE 3 
BUTTER- AGE-COR- 
CLASS NAME rat AGE 

RECORD RECORD 

pounds | years months | pounds 
Yearling. ... St. Mawes Lad’s Lady 829 2° 1,136 
pS Raleigh’s Torono Meme 902 2 5 1,146 
ae Sensation’s Mikado’s Millie 850 | 2 8 1,046 
Se Poppy’s Dortha 994 3 4 1,143 
a St. Mawes Lad’s Pride 1,002 3 7 1,132 
Darling’s Jolly Lassie 1,141"; 4 0 1,244 
& .. Vive La France 1,031 4 7 1,083 
Mature..... Groff’s Constance 1,130 5 3 1,164 


* Highest record for the Jersey breed. 


The most butterfat which any Jersey cow has ever produced 
during a year while an official test is 1141 pounds. This figure 
indicates the utmost ability of the best cow among some 22,000 
cows which have been admitted to the Register of Merit. Of 
all the animals over five years of age, which are classed as 
mature, the best producer has a record of 1130 pounds of butter- 
fat. The various class leaders are the best producers in their 
respective age divisions, and when the age-correction factor is 
applied to each record it is interesting to observe how closely 
the adjusted records approximate the highest of the breed. The 
record of Darling’s Jolly Lassie, when corrected for age, exceeds 
anything which has yet been achieved by a Jersey cow; but it is 
not inconceivable that this is an exceptionally precocious and 
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early maturing animal; and unless she demonstrates at a later 
date an increased ability, her record as a four-year-old marks her 
full capacity to produce butterfat. Records of all other classes, 
when adjusted for age, group fairly well around the actual high 
record for the breed. The average age-corrected record for the 
eight class leaders is 1137 pounds—only 4 pounds below the actual 
record of Darling’s Jolly Lassie, and 7 pounds in excess of the 
actual record of Groff’s Constance, the highest producer among 
the cows over five years of age. 

By way of comparison with the above, the same records and 
the adjusted records secured by use of the tables of Turner, 


TABLE 4 
ADJUSTED 
RECORD— ADJUSTED 
CLASS ACTUAL RECORD/ AGE TURNER, RBCORD— 
RAGBDALE, DAVIDSON 
AND BRODY 
pounds years months pounds pounds 
902 3 5 1,308 1,218 
advasncianceseatokes 850 2 8 1,139 1,105 
994 3 4 1,243 1,203 
1,002 3 7 1,162 1,182 
1,141 4 0 1,278 1,301 
1,031 + 7 1,113 1,134 
1,130 5 3 1,187 1,198 


Ragsdale, and Brody (9), and one developed by Davidson (10) 
from data previously cited (2) are listed in table 4. 

Six of the adjusted records in each list is in excess of the highest 
record ever made, 1141 pounds. One corrected record in each 
list exceeds 1300 pounds of butterfat, and three others in each 
are above 1200 pounds. Of the thousands of mature cows which 
have undergone Register of Merit tests, Groff’s Constance tops 
the list with 1130 pounds. If such marked ability existed as is 
shown by the age-corrected records of young cows in these two 
lists, similar ability and higher records for the mature class should 
be found. Unless the records adjusted from earlier ages agree 
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fairly well with what the cows actually produce when mature, 
then the correction factors are at fault. 


SUMMARY 


A table of factors for adjusting Register of Merit Jersey milk 
and butterfat records to a standard age basis has been evolved 
from the initial records found in the Register of Merit up to and 
including the 1921 Volume. 

The result of the application of these factors to actual records 
is compared with results secured by the use of other correction 
factors. 

The production curves of Register of Merit cows indicate that 
the period of maximum producing ability continues from 6 to 
10} years of age. 
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THE EFFECT OF HEATING ON THE HYDROGEN-ION 
CONCENTRATION AND ON THE TITRATABLE 
ACIDITY OF MILK* 


E. O. WHITTIER anp ANNE G. BENTON 


Research Laboratories, Bureau of Dairying, United States Department of 
Agriculture, Washington, D. C. 


INTRODUCTION 


Surprisingly little work has been reported on the changes in 
hydrogen-ion concentration and in titratable acidity which occur 
when milk is heated. Since the first factor is a major determinant 
in the coagulation of milk, and since both should give evidence 
as to the character and extent of chemical changes involving 
acids, a determination of these values over a considerable range of 
temperature and time of heating is desirable. 


PREVIOUS WORK 


Kirsten (1) found a decrease in the titratable acidity of milk 
after heating for a short time at various temperatures. Centri- 
fuging milk caused a somewhat smaller decrease in titratable 
acidity. Heating of the centrifuged milk caused a still further 
drop. He showed that these changes could be correlated with 
and accounted for by the loss of carbon dioxide. 

Orla-Jensen and Plattner (2) found that by heating milk for 
five minutes at temperatures as high as 110°, a decrease in titrat- 
able acidity was obtained; at higher temperatures an increase 
was found. Heating for an hour at 110° gave an increase. A 
development of color in the milk accompanied the increase in 
titratable acidity. They explained the decreases in titratable 
acidity by loss of carbon dioxide; the increase by development of 
acid, largely from the casein and to a less degree from lactose. 

Van Dam (3) found an increase in hydrogen-ion concentration 
and a decrease in titratable acidity after heating milk for periods 
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of not more than an hour. He attempted no explanation of this 
seeming paradox, but took the hydrogen-ion change to indicate 
that the calcium caseinate is not hydrolyzed in the heating of 
milk, and hence the greater stability of heated milks cannot be 
explained on the basis of such an hydrolysis. 

Duncombe (4) reported values for titratable acidity and hy- 
drogen-ion concentration on milks measured at different tem- 
peratures. He found both values increased by raising the tem- 
perature. These measurements are very significant, but, until 
the temperature range of reliable measurement of hydrogen-ion 
concentration can be extended much higher than is now possible, 
the value of such figures is rather limited and attempts at their 
interpretation unsafe. 

Cosmovici (5) heated milk for periods of thirty minutes at 
temperatures of 56°, 68°, 75° and 100° and states that the hydro- 
gen-ion concentration was increased to an extent dependent on 
the temperature and time of heating, and that the change was 
irreversible. 

Apparently no one has measured the changes in these values 
over any extended period of heating. We are making such meas- 
urements and report here on two typical experiments, one at the 
boiling point of milk, the other at 95°. 


EXPERIMENTAL 


For each of the experiment reported here, 3 liters of fresh, 
separated herd milk were used. The initial pH in one experiment 
was 6.55, in the other 6.61. The round-bottom flask, in which 
the heating was carried out, was provided with a reflux condenser 
and a thermometer and was immersed to above the level of the 
surface of the milk in a bath of saturated salt solution in which 
was suspended a second thermometer. In the 95° experiment, 
the temperature of the salt bath was raised to about 100° and 
held there till the milk had reached 90°, after which it was held 
at 95 to 96°. In the experiment at boiling temperature, the bath 
was raised to 106 to 107° and maintained there. Samples were 
removed hourly by means of a syphon, which could be blown 
clear after each sampling. The samples were cooled immediately 
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to room temperature by means of ice-water and the necessary 
determinations made at once. 

The hydrogen-ion determinations were made in duplicate in 
Clark rocking electrode vessels, a saturated calomel half-cell 
completing the chain. A Type K Leeds and Northrup poten- 
tiometer was used for the measurements. A lead accumulator 
was used as a source of potential for the comparisons, and this 
potential was kept at a constant known value by frequent balanc- 
ing against a Weston cell which had been calibrated by the 
Bureau of Standards. The value of the calomel half-cell was 
checked each day before using by means of an M/20 solution of 
potassium hydrogen phthalate. The milk samples were cooled 
to the temperature of the measuring system before determining 
their hydrogen-ion concentration. Results were not recorded 
until the duplicates in the two cells checked to 0.01 pH unit. 

A preliminary experiment showed that it was not practicable 
to titrate the heated milk with phenolphthalein as indicator, 
because of the peculiar brownish color which masked the end- 
point to increasing degrees as the heating progressed. ‘There- 
fore, we decided to titrate electrometrically to an end-point at 
pH 8.0, which is the end-point most people obtain approximately 
by using phenolphthalein in milk. 

A Hildebrand electrode immersed in the milk in a jelly glass 
was used for the titrations. The saturated potassium chloride 
briuge was a piece of glass tubing drawn to an upward-pointing 
fine tip at the end immersed in the milk. The bridge had in it a 
stopcock that was kept closed during titrations. The other half 
of the chain was a saturated calomel half-cell. The same poten- 
tiometer, accumulator, and standard cell were used as in the 
hydrogen-ion determinations. 

To a 50 cc. sample of the milk cooled to the temperature of the 
measuring system was added n/10 sodium hydroxide till near 
the end-point. The electrode and bridge were then immersed 
and the potentiometer adjusted to the null point. Two minutes 
were sufficient for the attainment of equilibrium when the elec- 
trode was previously saturated with hydrogen. Standard alkali 
was then added slowly till equilibrium was obtained at the poten- 
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tiometer reading corresponding to pH 8.0. No difficulty was 
found in duplicating results. The end-points were checked in a 
few cases by making hydrogen-ion determinations on the titrated 
samples with the Clark electrodes. 


DISCUSSION 


Figures 1 and 2 show the results obtained. In plotting the 
curves, the time when the milk reached the temperature at which 
it was subsequently maintained was taken as zero time. The 
values at the left of the zero line are the values obtained on the 
unheated milk. Titratable acidity has been plotted as cubic 
centimeters of N/10 sodium hydroxide solution necessary to bring 
100 ec. of milk to pH 8.0. Hydrogen-ion concentration has been 
plotted as actual normality of hydrogen ions times 10‘, to avoid 
the common difficulty of grasping the magnitudes of the differ- 
ences between the logarithmic values of pH. 

The milk at the higher temperature (fig. 1) was visibly co- 
agulating after thirteen hours heating. The shape of the hy- 
drogen-ion concentration curve seems to indicate that the begin- 
ning of coagulation was about two hours earlier. The milk held 
at 95° had not coagulated when the heating was discontinued. 
This lower temperature curve is included mainly to show the 
differences in the rates of change of hydrogen-ion concentration 
and titratable acidity at different temperatures. 

The explanation of previous workers that evolution of carbon 
dioxide is the cause of the initial drop in titratable acidity of 
heated milk is without doubt the true one. That this effect is 
superimposed upon and completely masks for a brief time the 
production of acid from some constituent of the milk is a point 
that has been reported only by Orla-Jensen and Plattner (2). 
Their statement that this acid comes mostly from casein decom- 
position and to only a slight extent from lactose is supported by 
titratable acidity values on unheated and heated lactose solu- 
tions and on heated casein solutions with and without lactose 
present. They do not give titratable acidities on their casein 
solutions before heating; they do not state the technique em- 
ployed in their casein titrations; nor is it clear to what extent their 
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casein was identical with the casein of fresh milk. We propose to 
attack this problem from a different angle and hope to corrobo- 
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rate or to disprove their conclusion on a somewhat more sub- 
stantial basis. An explanation of the reversing curvature of the 
titratable acidity curve during the first twelve hours heating may 
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be easier when the source and identity of the acids formed is more 
firmly established. It should be noted that the rate of production 
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of acid at 95° is much less than at the boiling temperature, but 
the curvature for the first fourteen hours at 95° is comparable 
with that for the first seven hours at 101.5°. 
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The decrease of the titratable acidity after twelve hours boiling 
represents the change in acidity in the fluid portion from which 
increasing amounts of coagulum have separated. Titration of a 
sample of the curdy portion, which had separated roughly from 
the supernatant fluid at the end of the run, gave a titratable 
acidity value of 50.9 cc. n/10 acid per 100 cc., showing that the 
acid concentrates in the curd, probably by adsorption. 

The increase in the hydrogen-ion concentration caused by 
heating skim milk is fairly regular, as might be expected from the 
assumption that it is the result of the interaction of the buffer 
system of the milk with acids that are being produced at a fairly 
constant rate. During the early stages of coagulation there is 
evidently a considerable increase in the buffering power for a 
short time. The hydrogen-ion concentration then reéstablishes 
itself on a sharper slope, and at the end of sixteen hours has 
reached a point which it would have reached had it continued 
smoothly at the curvature it was following during the first eleven 
hours of heating. The decrease of hydrogen-ion concentration 
which takes place when heated milk is allowed to stand at low 
temperatures, and which has been previously noted, was ob- 
served. Samples which stood in the ice-box for about twenty- 
four hours showed a decrease numerically equivalent to the 
increase caused by two hours heating. This would indicate a 
shift of buffer equilibrium with change of temperature. The 
magnitude of this reversion is so small that it is of only theoretical 
interest. 

CONCLUSIONS 


The heating of skim milk at temperatures near the boiling 
point causes first a drop and then a rise in the titratable acidity 
of the milk. The hydrogen-ion concentration increases contin- 
uously. The initial drop in titratable acidity has been shown 
by previous investigators to be due to loss of carbon dioxide from 
the milk; the increases in titratable acidity and in hydrogen-ion 
concentration are due to the formation of acids from certain con- 
stituents of the milk. During coagulation, the rate of change 
of hydrogen-ion concentration is considerably lessened due to 
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buffer readjustments not yet explained in detail. At the same 
time, there is an uneven distribution of the free acid between the 
whey and the curd, due probably to adsorption of the acid by the 
eurd. 

The amount of acid production is dependent on both time and 
temperature of heating. We do not agree entirely with previous 
workers as to the sources of the acid, and shall present in a future 
paper experimental data bearing on the nature of the chemical 
reactions involved. 
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AN APPRECIATION 


A distinct tribute was paid Dr. C. H. Eckles, Head of the 
Dairy Department, University of Minnesota, during Farmers’ 
Week when the Eckles Club, composed of his former students, 
presented an oil painting of their “Chief.” This portrait was 
unveiled and hung in the new dairy building of the University 
on January 22. 

The presentation was made by C. M. Long of the Blue Valley 
Creamery Institute, who fully expressed the sentiments of the 
club when he said: ‘““The members of the Eckles Club feel that 
they owe a debt of gratitude to their Chief bigger than they 
will ever be able to pay. Desiring to express in some small way 
this debt, they have had this portrait painted.” 

Dr. Eckles’ former students may be found wherever dairy 
cows are milked and dairy products are manufactured. They 
are engaged in all branches and in all phases of the dairy in- 
dustry. In his teaching and investigational work, first at the 
University of Missouri and later at the University of Minnesota, 
he has had greater influence on the practice and profession of 
dairying than any other living man today. 

The sole purpose of the Eckles Club is to meet once a year 
at the National Dairy Show for a friendly get-together and to 
receive counsel and advice from the “Chief.” There are now 
about 115 members and the membership is increasing at the 
rate of about five each year. 

Dean W. C. Coffey of the College of Agriculture, University 
of Minnesota, in accepting this portrait for the University made 
the following statement: 


I doubt if any other man in agricultural education now or in the 
past has trained as many men who have risen to responsible positions 
as has Professor Eckles. His standing in the educational field as it 
related to dairying is unequaled and his influence in that field now is 
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profound. He is quiet, unassuming, always modest, always cheerful, 
always fair. His power lies in keeping his well trained mind at work 
on objectives he clearly understands, and in giving all he has to his 
position and to the young men who work and study under him. With , 
him the course of friendship runs deep; it is never ephemeral with 
him, and he never uses superficial methods to get it. 

In these young men who constitute the Eckles Club, he has accumu- 
lated great riches which will continue to grow as he unselfishly shares 
them with the world. How paltry is mere money beside them! It 
is with this feeling,—a feeling, by the way, to which every member of 
the faculty on this campus would instantly subscribe—that I accept 
this portrait for the Department of Agriculture, University of Min- 
nesota. 
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ANNUAL MEETING OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 


The twenty-first annual convention of the American Dairy 
Science Association will be held at Detroit, October 8 and 9. 

The Book-Cadillac Hotel will be association headquarters 
and there all meetings will be held. Single rooms are $4; doubles, 
$6. Other good hotels are the Wolverine, Tuller and Fort 
Shelby. 


Here are the high points in the meetings: 
October 8: Morning; general meeting, addressed by Pres. 
Butterfield of the Michigan State College. 


October 8: Afternoon; sectional meetings. 


October 8: Evening; banquet, address by Secretary of 
Agriculture Jardine, and Judging Contest 
awards announced. 


October 9: Morning; general session. 


Tuts 1s Goine To BE A Bia SHow. Besides the usual attrac- 
tions of the National Dairy Exposition, the greatest trade 
exhibit in the history of the country will be staged. Several 
convention records will be broken. Let’s all go and make it a 
record breaker for the A. D. 8. A. 

Faithfully, 
G. C. Wuire, 


Secretary-Treasurer. 
PROGRAM 


Genera. Session 
BOOK-CADILLAC HOTEL, DETROIT, MICH. 
Friday, October 8, 1926, 9:00 a.m. 


Call to Order by President,................. QO. E. Reed, East Lansing, Mich. 
Reading of Minutes by Secretary................... G. C. White, Storrs, Conn. 


Secretary and Treasurer’s Report.................. G. C. White, Storrs, Conn. 
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Appointment of Nominating Committees. 
Divisional Reports: Eastern Division, Southern Division, Western Division. 
Reports of Standing Committees. 
sock ded Dr. Kenyon L. Butterfield, East Lansing, Mich. 
Discussion: The Development of the Work of the American Dairy Science 
‘ation. 
GENERAL Session 
BOOK-CADILLAC HOTEL 
Saturday, October 9, 1926, 9:00 a.m. 


Call to Order by President.................... O. E. Reed, East Lansing, Mich. 
Report of Sections: 
C. C. Hayden, Wooster, Ohio 
A. C. Baer, Stillwater, Okla. 
A. J. Cramer, Madison, Wisc. 
C. E. Wylie, Knoxville, Tenn. 
Committee Reports. 


NEWCOMB ENDICOTT TEA ROOM 
Friday, October 8, 1926, 6:30 p.m. 
H. F. Judkins, Springfield, Mass. 
Address...... Hon. W. M. Jardine, Secretary of Agriculture, Washington, D. C. 
Announcement of Awards and Presentation of Prizes in the InterCollegiate 
Judging Contests. 


(Banquet tickets $1.50 per plate) 


PROGRAM 
Section I. PRopucrion 
Friday, October 8, 1926, 2:00 p.m. 
C. C. Hayden, Ohio, Chairman 
O. G. Schaefer, Minnesota, Secretary 


What we know about controlling abortion disease... .. . Dean G. C. White, Storrs, 
Conn. 

What experiments to date show about minerals for dairy cows 
Dr. E. B. Forbes, Director, Institute of Animal Nutrition, State College, Pa. 

Report of committee on future codperative work in mineral investigations 
Dr. E. B. Meigs, Bureau of Dairy Industry, Washington, D. C. 


Business. 
Reports of Judging Committee, at banquet. 


Section II. MANUFACTURING 


Friday, October 8, 1926, 2:00 p.m. 
A. C. Baer, Oklahoma, Chairman 
C. D. Dahle, Pennsylvania, Secretary 
Call to Order by Chairman 
Reading of Minutes by Secretary 


| 
4 


AMERICAN DAIRY SCIENCE ASSOCIATION 493 


Reports of Standing Committees: 


National Contest for Judging Dairy Products.............. R. B. Stoltz 
Score Cards and Legal Standards........................ J. H. Frandsen 
Chemical Methods of Testing Dairy Products.............. A. C. Dahlberg 
Methods of Determining Milk Solids-not-fat.................. H. C. Troy 
Testing Ice Cream for Total Solids..................:....... R. C. Fisher 
Official Methods of Testing Milk and Cream.................. F. W. Bouska 
(a) Sub-Committee on Ice A. C. Fay 
Economic Phases of the Dairy Industry.................... Roy C. Potts 


The effect of processing on the dispersion of fat in an ice cream mix 
Wm. H. E. Reid, Columbia, Mo. 
Discussion: Relation of sugar to overrun and quality 
P. L. Lucas, East Lansing, Mich. 
Discussion: Some new developments in ice cream making 
H. H. Sommer, Madison, Wis. 


E. 8. Guthrie, Ithaca, N. Y. 
Diseussion—(a) Body as it affects moisture holding quality....F. W. Bouska 
(b) Effect of working on the body, etc.......... O. F. Hunziker 


Uniformity of methods of manufacture of cottage cheese 
Carl E. Lee, Gridley Dairy Company, Milwaukee, Wisc. 
Discussion: Preservation of cottage and cream cheeses in vacuo 
J. M. Sherman, Ithaca, N. Y. 
Discussion: Cream Cheeses...................... A. C. Dahlberg, Geneva, N. Y. 


Section III. Apvancep Reaistry 
Friday, October 8, 1926, 2:00 p.m. 
C. Elmer Wylie, Tennessee, Chairman 
W. E. Petersen, Minnesota, Secretary 
Minutes of last meeting. 
Report of Breed’s Relation Committee..M. H. Campbell, Chairman, Illinois. 
Report of Investigation Committee........ Roy Harris, Chairman, Wisconsin. 
History and Trend of Official Testing............ Dr. C. H. Eckles, Minnesota. 
The Ayrshire Herd Test Plan 
C. T. Conklin, Secretary, Ayrshire, Breeders Association 
Supervising the Herd Test Plan............ Prof. P. S. Williams, Pennsylvania 
Remarks by Breed Association Representatives: 
American Jersey Cattle Club 
American Guernsey Cattle Club 
Ayrshire Breeders Association 
Brown Swiss Cattle Breeders Association 
Dutch Belted Cattle Association of America 
Holstein-Friesian Association of America 
Shorthorn Breeders Association 
Reports of Special Committees. 
Election of Officers. 


Section IV. Extension 
(Program has not been received.—Editor) 
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AMERICAN DAIRY SCIENCE ASSOCIATION 
MEMBERSHIP FOR 1926 


The following is a list of the membership of the American 
Dairy Science Association for 1926. Any member whose name 
does not appear in this list should communicate at the earliest 
convenience with Secretary G. C. White, Storrs,Conn.—Editor. 


5014 E. Seventh Street, Kansas City, Mo. 

Tenn. 

Michigan Agricultural College, East Lans- 
ing, Mich. 

OS Ee Cornell University, Ithaca, N. Y. 

Holstein, Germany 

Dairy Department, Storrs, Conn. 

N. C. 

Asurrors, Franc B................ 1437 Chelmsford Avenue, St. Paul, Minn. 

Dairy Department, Oklahoma A. & M. 
College, Stillwater, Okla. 

600 Jackson Boulevard, Chicago, Ill 

University of Minnesota, St. Paul, Minn. 

1357 Park Road, Washington, D. C. 

tind State Department of Agriculture, Trenton, 
N. J. 

Bennett, Freperick W............. Georgia State College of Agriculture, 
Athens, Ga. 

B. Golden State Milk Products Company, 
425 Battery Street, San Francisco, Calif. 

BrermMan, HaRtow.................. c/o Experiment Station, College Park, Md. 

conc Dairy Department, Stillwater, Okla. 
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Dairy Department, State College, Pa. 
Boupewyns, CELESTIN.............. R. R. 1, Box 145, Westwood, N. J. 
Beatrice Creamery Company, 1526 State 
Street, Chicago, Ill. 
New Haven Dairy Company, New Haven, 
Conn. 
Buawne, Came 754 North Avenue, Bridgeport, Conn. 
A ar Oregon Agricultural College, Corvallis, Ore. 
Dairy Department, University of [llinois, 
Urbana, 
eee Dairy Department, Cornell University, 
Ithaca, N. Y. 
City Consumers Company, Paducah, Ky. 
Dairy Building, Columbia, Mo. 
Brown, Hamuin L.................. Extension Dairyman, Gainesville, Fla. 
Baown, Elwell Farm, Spring Hill, Tenn. 
Dairy Department, W. Lafayette, Ind. 
Burpicx, Rhode Island State College, Kingston, R. I. 
Dairy Department, Stillwater, Okla. 
Michigan Agricultural College, East Lans- 
ing, Mich 

Climax Creamery, Shawnee, Okla 

c/o Campbell Products Company, North- 
field, Minn. 

Camppmin, M. i Urbana; Ill. 

Purdue University, W. Lafayette, Ind. 

Dairy Department, Manhattan, Kan. 

Cuumuza, W.................. Lebanon, Ind. 

Cisne, Castle Ice Cream Company, Perth Amboy, 

County Farm Bureau, Huntingdon, Pa. 

W. Dairy Department, State College, Raleigh, 

College Station, Texas 

1211 Arch Street, Philadelphia, Pa. 

Dairy Department, Corvallis, Ore. 

University Farm, St. Paul, Minn. 
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Plainsboro, N. J. 
University of Wisconsin, Madison, Wis. 
Cunninemam, O. Dairy Department, State College, New 
Mexico 
Cunninenam, W.S................. University of Arizona, Tuscon, Ariz. 
Experiment Station, Geneva, N. Y. 
Daniz, Cumstzr D................. Dairy Department, State College, Pa. 
Blue Valley Creamery Company, Chicago, 
Il. 
aly Dairy Department Agriculture College, 
Lincoln, Nebr. 
BH. A. J. C. C., 324 W. 23d Street, New York 
ER State College, Durham, N. H. 
ORs Ohio State University, Columbus, Ohio 
Agriculture College, Davis, Calif. 
Hazelwood Ice Cream Company, E. 6th and 
Main Street, Portland, Ore. 
Dvoracung, H. E................... Fayetteville, Ark. 
69 Reservoir Street, Lawrence, Mass. 
University Farm, St. Paul, Minn. 
EcKELMAN, CHARLES................ 1003-1005 Belmont Street, Portland, Ore. 
H. B................. Burlington, Vt. 
University of Missouri, Columbia, Mo. 
eet East Lansing, Mich. 
Manhattan, Kansas 
¢/o French Bros. Bauer Company, Cincin- 
nati, Ohio 
Cornell University, Ithaca, N. Y. 
hattan, Kansas 


Fouemr, Davis, Calif. 
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University of Extension Division, Boise, 
Idaho 

B.D... Massachusetts Agricultural College, Am- 
herst, Mass. 

c/o Minnesota Coiperative Creamery 
Association, Minneapolis, Minn. 

New Hampshire College, Durham, N. H. 

Ee erm 4001 Hillsdale Road, Baltimore, Md. 

eer ee 4530 N. 16th Street, Philadelphia, Pa. 

delphia, Pa. 

Grrrorp, WARREN.................. Dairy Department, Morgantown, W. Va. 

University of British Columbia, Vancouver, 
British Columbia, Canada 

Adrian, Mich. 

Dairy Department, Ames, Iowa 

216 Pine Street, San Francisco, Calif. 

Ind. 

Minn. 

University of Minnesota, St. Paul, Minn. 

Iowa State College, Ames, Iowa 

Statens Forsggsmejeri, Hillered, Denmark 

University of Minnesota, St. Paul, Minn. 

Box 834, Detroit, Mich. 

Harpar, W. Horacg................ 825 Fidelity Building, Baltimore, Md. 

Harrison, Hartman K............. Linden Avenue and Dolphin Street, Balti- 
more, Md. 

Harvey, Samust H................. College Park, Md. 
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Experiment Station, Wooster, Ohio 

Heineman, Henry E................ 327 S. Lasalle Street, Chicago, Ill. 

Huwpunson, H. Morgantown, W. Va. 

New York Experment Station, Geneva, 
N. Y. 

Agricultural College, Miss. 

508 Peyton Building, Spokane, Wash. 

Kentucky Agriculture College, Lexington 
Ky. 

Hoovsr, Jussrm M.................. Dairy Division, Washington, D. C 

Cornell University, Ithaca, N. Y. 

Cobham Surrey, England 

Camas Dairy Department, East Lansing, Mich 

c/o Carl Gluns, Clinton Street, Galeton, Pa 

c/o Blue Valley Creamery, Chicago, Ill 

Inenam, Leroy W.................. College Park, Md 

610 Superior Street, Grove City, Pa. 

University of Manitoba, Winnipeg, Canada 

Jamison, Extension Division, Corvallis, Ore. 

Jounson, Ropert E................ Storrs, Conn. 

Jounston, Iowa: State Dairy Association, Des Moines, 
Iowa 

ne Dairy Specialist, Brookings, 8. D. 

Dairy Department, Corvallis, Ore. 

c/o J. B. Ford Company, Wyandotte, Mich. 

716 Clermont Street, Antigo, Wis. 

134 CassStreet, Springfield, Mass. 
N. J. 

University of British Columbia, Vancouver, 
British Columbia, Canada 

Franx c/o Gridley Dairy Company, Milwaukee, 
Wis. 

man, Wash. 


7 
Knox, Frepericx H................Portland, Mich. 
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Ohio 
Vt. 
in Department of Animal Husbandry, Kings- 
ton, R. I. 
Bureau of Dairy Industry, Washington, 
D. C. 
State College, Brookings, 8. D. 
we East Lansing, Mich. 
LEHMKUBL, HENRY.................. 84 Exchange Street, Rochester, N. Y. 
2008 Pine Street, St. Louis, Mo. 
Linpquist, Harry G................ Ohio State University, Columbus, Ohio 
Dairy Department, Manhattan, Kan. 
58 Adella Avenue, West Newton, Mass. 
229 N. 15th Street, Corvallis, Ore. 
ener 101 Henry Street, Burlington, Vt. 
ds Dairy Department, East Lansing, Mich. 
MacCanpuisn, A.C................. Claunch, Sorbie, Wigtownshire, Scotland 
McCarruy, Dunnis A............... 1211 Arch Street, Philadelphia, Pa. 
U. 8. D. A., Washington, D. C. 
Bureau of Dairy Industry, Washington, 
D.C. 
McInerney, Tos. J................ Dairy Department, Ithaca, N. Y. 
MolInryre, Howarp H.............. P. O. Box 819, Detroit, Mich. 
80 E. Jackson Street, Chicago, Ill. 
McWaonrmr, G. E.................. Milledgeville, Ga. 
I University Farm, St. Paul,. Minn. 
University of Florida, Gainesville, Fla. 
1043 18th Avenue, 8.E., Minneapolis, Minn. 
Martin, Wiuuarp H................ Dairy Department, Manhattan, Kansas 
901 S. Michigan Avenue, Chicago, Ill. 
i University of Maryland, College Park, Md. 
Mean, Syivester W................ Agriculture Experment Station, Davis, 
Calif. 
RT 1445 Rhode Island Avenue, Washington, 
D. C. 
Meister, ALBBRT................... 315 16th Street, Sacramento, Calif. 
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MryYawokI!, ATSUSHI................. Imperial University, Sappora, Japan 

Chr. Hanson’s Laboratory, Inc., Little Falls, 
N. Y. 

Agricultural College, Miss. 

Morrow, Kennets S............... Clemsen College, S. C. 

Morton, J.................. Easthampton, Mass. 

ee Fort Collins, Colo. 

Mose.ey, THomas W............... Experiment Farm, Huntley, Montana 

Courtuanpn S............... Davis, Calif. 

910 Michigan Avenue, Chicago, Iil. 

. Klamath Falls, Ore. 

Mussan, Peterboro, N. H. 

| 544 Washington Boulevard, Chicago, III. 

Dairy Department, St. Paul, Minn. 

Montana State College, Bozeman, Mont. 

Nuwuanpar, J. A................... 101 Brooks Avenue, Burlington, Vt. 

Nzgwuin, Guores M................. Corium Farms, Fon du Lac, Wis. 

1819 G Street, N. W., Washington, D. C. 

Dairy Department, State College, Pa. 

Ouson, Norman E.................. c/o Wichita Creamery Company, Wichita, 
Kansas 

Purdue University, West Lafayette, Ind. 

Parxer, Horatio N................ Main and Orange Streets, Jacksonville, Fla. 

Panuen, B.................. Dairy Bureau, Washington, D. C. 

Puanson, NBVBIS................... Assistant State Club Leader, East Lansing, 
Mich. 

New Brunswick, N. J. 

Pommnor, Camu T................... Health Officer, Montclair, N. J 

ne Cornell University, Ithaca, N. Y. 


= 
Quieuey, J. V......................521 Hall Building, Kansas City, Mo. 
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University of Missouri, Columbia, Mo 

R. F. D. 1, Royersford, Pa. 

Dairy Department, Columbia, Mo. 

Calif. 

Dairy Department, Manhattan, Kansas 

Roapmoumn, Gi Dh... . University of California, Davis, Calif. 

WAGER. New Jersey Agricultural Stations, New 
Brunswick, N. J. 

Bureau of Dairy Industry, Washington, 
D. C. 

Cornell University, Ithaca, N. Y. 

College of Agriculture, Urbana, IIl. 

State College, Raleigh, N. C. 

Gs University of Alberta, Edmonton, Alberta, 
Canada 

Cornell University, Ithaca, N. Y. 

Martin, JR.............. Blossom Hill Lebanon, N. J. 

Dairy Industriat Building., Ithaca, N. Y. 

/ State College, Pa. 

Route 3, Fort Worth, Texas 

Suater, Epwarp K................. 5th and Cherry Streets, Milwaukee, Wis. 

Dairy Department, Amherst; Mass: 

ee Purina Mills, St. Louis, Mo. 

Srewart, DuNCAN................... Bureau of Dairying, Washington, D. C. 

Ohio State University, Columbus, Ohio 

Dry Milk Company, Bainbridge, N. Y. 

Surermeister, L. A................ P. O. Box 944, Dayton, Ohio 

Swarr, Warren W.................. United States Department of Agriculture, 
Washington, D. C 

Taruorn, A................. State College, Pa. 

THom, CHARLES..................... Department of Agriculture, Washington, 
D. C. 

University Farm, St. Paul, Minn 


. Tosias, James Henry..............Storrs, Conn. 
X 
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Trout, Matcoum G................. Morgantown, W. Va 

Cornell University, Ithaca, N. Y 
Dairy Department, Columbia, Mo 

Van Lanes, Guadalupe, Calif. 

Wars, Cuanums C.................. University of Arkansas, Fayetteville, Ark. 
2239 Gordon Avenue, St. Paul, Minn. 
Chamber of Commerce, Spartanburg, 8. C. 

Weser, Ciarence W............... University of Missouri, Columbia, Mo. 
Chestnut Farms Dairy, Washington, D. C. 

Dairy Division, Washington, D. C. 
State College, Orangeburg, 8. C. 
Purdue University, West Lafayette, Ind 
c/o Dean of Men, Minneapolis, Minn 

Wine, Rarmonp E.................. Storrs, Conn. 

& Dairy Division, Washington, D. C 

Wen, University of Tennessee, Knoxville, Tenn 


The Association now has 326 members. While this is the 
largest membership in its history, the list is far to small to be 
commensurate with the economic importance of the industry, 
and the vastness of its problems. The Agronomists, the Horti- © 
culturists, and many other similar groups, far outstrip us in 
membership enrollment. We have arrived at a point where 
personal work is necessary for further expansion. In a few 
institutions almost every eligible person is enrolled, while in 
others we scarcely have representation. If each member will 
interview those with whom he has influence, the enrollment can 
easily be doubled. This will greatly increase the financial 
strength of the organization. Will you not consider yourself a 
committee of one to bring at least one new member? 

Faithfully, 
G. C. Wurtz, 
Secretary-Treasurer. 
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PERSONNEL OF COMMITTEES, AMERICAN DAIRY 
SCIENCE ASSOCIATION, 1926 


Section I. PropvucrTion 


STUDENTS’ JUDGING CONTEST 
W. W. Swett, U. 8S. D. A., Chairman 


A. Borland, Pennsylvania 
B. Fitch, Kansas 


A. 
J. 
W. W. Yapp, Illinois 


F. A. Buchanan, Virginia 
8. M. Salisbury, Ohio 
F. Ely, Iowa 


F. W. Atkeson, Idaho 


DAIRY CATTLE PLACING CARD FOR FARMERS’ JUDGING CONTEST 


H. E. Van Norman, Illinois, Chairman 


G. C. Humphrey, Wisconsin 


H. H. Kildee, Iowa 


W. W. Swett, U. 8S. D. A. 


CO6PERATIVE RESEARCH IN MINERALS FOR DAIRY COWS 


E. B. Meigs, U. 8. D. A., Chairman 


H. Eckles, Minnesota 
F. 


C. 
C. F. Hoffman, Michigan 


H. B. Ellenberger, Vermont 
C. F. Monroe, Ohio 


Section II. Darry CoMMITTEES 


SCORE CARDS AND LEGAL STANDARDS 
J. H. Frandsen, Chairman 
O. F. Hunziker J. A. Gamble 
L. A. Rogers W. P. B Lockwood 
STUDENT NATIONAL CONTEST FOR 
JUDGING DAIRY PRODUCTS 
R. B. Stoltz, Chairman 
W. H. White C. D. Turnbow 
M. Mortenson’ UH. W. Gregory 
ECONOMIC PHASES OF THE DAIRY 
INDUSTRY 
Roy C. Potts, Chairman 
M. Ezekiel Paul Nyhus 
A.A. Borland C. L. Christensen 
CHEMICAL METHODS OF TESTING DAIRY 
PRODUCTS 
C. A. Dahlberg, Chairman 
R. C. Fisher H. C. Troy 


SUB-COMMITTEE ON ICE CREAM (BACT.) 
A. C. Fay, Chairman 
F. W. Fabian B. W. Hammer 


GOMMITTEE ON COLLEGE CREAMERIES 


C. L. Roadhouse, Chairman 
O. F. Hunziker P. M. Brant 


METHODS FOR DETERMINING MILK 
SOLIDS NOT FAT 
H. C. Troy, Chairman 
O. R. Overman J. Luithley 


TESTING ICE CREAM FOR FAT AND TOTAL 
SOLIDS 
R. C. Fisher, Chairman 
H. A. Ruehe W. Fisk 
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BACTERIOLOGICAL METHODS OFFICIAL METHODS FOR TESTING MILK 
AND CREAM 
R. 8. Breed, Chairman F. W. Bouska, Chairman 
E. G. Hastings B. W. Hammer L. A. Rogers A. C. Dahlberg 
L. A. Rogers C. 8. Mudge H. C. Troy A. O. Dahlberg 
Geo. E. Holm 


Section III. 
COW TESTING ASSOCIATION 


A. C. Baltzer, East Lansing, Mich., Chairman 
E. A. Hanson, St. Paul, Minn. Burt Oderkirk, Ames, Iowa 
James Linn, Manhattan, Kansas. 
CALF CLUBS 
A. Erickson, St. Paul, Minn., Chairman 
W. A. MeNeil, Madison, Wis. Nevels Pearson, East Lansing, Mich. 


BULL ASSOCIATION 
George Girrbach, East Lansing, Mich., Chairman 
8. Brownell, State College, Pa. M. J. Regan, Columbia, Mo. 
DAIRY PRODUCTIONS, OR MANUFACTURING 


Mr. Clevenger, State College Station, Raleigh, N. C., Chairman 
I. L. Gibson, Columbia, Mo. A. C. Baer, Agricultural College, Still- 
water, Okla. 


C. A. Hutton, Knoxville, Tenn., Chairman 
A. H. Olmstead, State College, Pa. H. E. Jamison, Urbana, IIl. 
F. A. Buchanan, Extension Division, Blacksburg, Va. 


MILK CAMPAIGN 
Miss Jessie Hoover, Bureau of Dairying, Washington, D. C., Chairman 
Miss Dorothy Buckley, c/o Miss Hoover; W. P. Lockwood, Boston, Mass. 
Section [V. Testine 
BREEDS RELATION COMMITTEE 
M. H. Campbell, Illinois, Chairman 


W. N. Regan, California G. C. White, Connecticut 
J. B. Fitch, Kansas A. A. Borland, Pennsylvania 
J. R. Dice, North Dakota J. 8S. Moore, Mississippi 
O. E. Reed, Michigan L. H. Fairchild, Indiana 
INVESTIGATION COMMITTEE 
R. T. Harris, Wisconsin, Chairman 
H. N. Coleman, Oregon A. L. Darnell, Texas 
W. E. Petersen, Minnesota H. H. Wing, New York 


Oscar Erf, Ohio 


d 


BOOK REVIEW 


ConDENSED AND MitkK PowpER—a new and completely re- 
vised edition by Professor Otto F. Hunziker—is just off the press. 
This work is thorough and comprehensive as is everything from the 
pen of Professor Hunziker. 

The author treats exhaustively all phases of sweetened condensed 
milk—unsweetened condensed milk—milk powder—and dry butter- 
milk. He describes methods of manufacture—causes of defects— 
keeping quality—and best methods of marketing of all these products. 

The popularity of this book may be judged by the fact that this is 
the fourth edition, the three previous editions having long since been 
exhausted. The book is the most important contribution on the 
condensed milk and milk powder industry. It should be in the library 
of the teacher, the student or factory man interested in any phase of 
the condensed milk and milk powder industry. Copies can be secured 
direct from the author at LaGrange, Illinois. 
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EVERY BOTTLE FILLED & EMPTIED & TIMES. SOAKED & 
STERILIZED FOR 30 MINUTES IN HOT CAUSTIC SODA SOLUTION 


Economy in Bottle Handling 
HIS Giant Barry-Wehmiller unit delivers 180 clean, bacteriologically sterile bottles 

a minute. Every bottle is soaked for 30 minutes in caustic soda solution, washed 

by hot water at high pressure, sterilized at 210°, and cooled without reinfection. 

The B-W Soaker-Washer-Sterilizer is designed for economy as well as efficiency. 
Automatic transference of bottles, combining these processes in one continuous opera- 
tion makes possible great economy in handling charges. Graduated temperatures 


prevent breakage of bottles; machinery is carefully designed to avoid wear and tear— 
repair bills are almost nil. 


Exclusive Features 


a. Complete mechanical separation of the soak- e. Automatic transference of bottles from one 
ing process, involving the use of caustic soda, machine to the other. 
from the washing, sterilizing and cooling f. 
processes. 


Washing by hot water at high pressure from 
spindles entirely within the bottle and in close 
b. Construction of soaker pockets, entirely free contact with the glass. (No unsanitary brushes.) 

from lodging places for dirt, to allow easy 


g. Complete separation of the carrying chain from 
access for cleaning. 


interior of the washer and sterilizer, saving 


c. Continuous motion in the soaker avoiding wear wear and tear on the chain and preventing 
and tear on the heavier machinery. reinfection of the bottles. 

d. Complete drainage of bottles as they emerge h. Step by step motion on the washer to insure 
from soaker. thorough cleaning. 


i. Cooling by application of water to the exe 
terior only of the bottle. 


Six of these B-W units are used in the largest plants of the Sheffield Farms Company, 
New York City. Adopted by one of the largest European Dairies. 

Barry-Wehmiller approved “In the bottle” pasteurizers, used in combination with the 
Soaker-Washer-Sterilizer forms a most practical bottling system. At the Deerfoot 
Farms Dairy, Southborough, Mass., and the New Haven Dairy Company, New Haven, 
Conn., and A. Stapleton and Sons, Brooklands Farm, London, England, this system 
has proven very successful. 


Many types and capacities, “Midget” to “Giant’’ size. Information gladly given. 
Barry-Wehmiller Machinery Co. 


4672 West Florissant Avenue 
ST. LOUIS, MO. U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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PUBLIC HEALTH LAW 


A Manual for Sanitarians 
By JAMES A. TOBEY, M.S., LL.B. 


Lecturer on Public Health Law at the Massachusetts Institute 
of Technology, Yale School of Medicine, 
Columbia University. 
WITH A FOREWORD 
By CHARLES V. CHAPIN, M.D., Se.D. 


] Indispensable to the sanitarian. 


q{ A text-book on public health administration as well as pub- 
lic health law. 


4 The only modern book on the subject. It describes all new 
developments. 


{ Unique. In no other text is found material on how to draft 
legislation; what evidence is acceptable in court; on court 
procedure; written especially for the health official. 


{ Includes table of cases (nearly 500) very important for 
reference. The only existing list for such decisions, all on 
health. Arranged by states for convenient use. 


{ Author is a lawyer as well as sanitarian; has served as city 
health officer, and with a state department; knows the 
legal problems met with. 


CONCISE PRACTICAL RELIABLE 
CLOTH,GOLD STAMPED 6x9 INDEXED 


Price $4.50 


AMERICAN PUBLIC HEALTH ASSOCIATION 
$70 7th Ave., New York 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Old and the New 


Shaking cream in animal skins to make butter was 
the only way known to our ancestors. 

We know better today because experience and science 
are constantly showing us newer and more efficient 
methods of work. 

Science has not only taught us better methods of mak- 
ing butter, but also that by using 


we can take better care of butter during the manufac- 
turing process. 

The sweet, wholesome, sanitation Wyandotte Dairy- 
man’s Cleaner and Cleanser provides is scientific; the 
ease with which it emulsifies butter fat and dissolves 
casein is scientific; the absence of harm or injury to dairy 
equipment as well as the economy with which it can be 
used is scientific also. 

An order on your supply house will show you by ex- 
perience that when a thing is carefully and properly ; 
made for a given purpose it is bound to be satisfactory. i 


Indian in 
circle 


IT CLEANS CLEAN 


in every 
package. ; 


The J. B. Ford Company, Sole Mnfrs. Wyandotte, Mich. 


Your advertisement is being read in every State and in 25 Foreign Countries 


a Cleaner and Cleanser | 
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Hydrogen Ion Concentration 
of the Blood 


By J. HAROLD AUSTIN, M.D 
Professor of Research Medicine, University of Pennsylvania, 


GLENN E. CULLEN 
Professor of Biochemistry, Vanderbilt University Medical School. 


Many studies have been made of the significance of variations of the hydro- 
gen ion concentration of the blood in health and in disease. The most impor- 
tant facts are here brought together in concise form for the use of clinicians and 
medical research workers. 


Only that work is included, which carried out with the more recently devel- 
oped technique, is at the same time accurate and of importance in clinical 
medicine. 


Cloth, gold stamped 6x9 Illustrated 
Price $2.00 
THE WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals 
BALTIMORE, U. S. A. 


Fundamental Concepts of 
Physics 


By PAUL R. HEYL, Px.D. 
Physicist, Bureau of Standards, Washington, D. C. 


No man can reduce the abstractions of physics, of space, matter and time, of 
atomic structure, of thermodynamics, to the language of the primer; but Dr. 
Heyl’s book brings them within the scope of any person willing to think. 


Dr. Heyl was winner of the Boyden premium of the Franklin Institute in 1907 
offered to that scientist who should measure the velocity of the invisable light 
rays; he is well known for his work in crystallization, under electrostatic stress, 
from a current bearing electrolyte. 


A book which will serve a dual purpose—to entertain and to instruct. A book 
which you will enjoy reading just as you like good literature of other sorts. 


Price $2.00 
THE WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals 
BALTIMORE, U.S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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A New Package Service 


of Safe 


The Visible E <> of Invisible Quality 
KIMBLE GLASS COMPANY, VINELAND, N.J., New York, 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 
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MD: 


ENGRAVINGS FOR 
MEDICAL AND SCIEN- 
TIFIC PUBLICATIONS 


ANY years experience working in co-operation with 

publishers and authors, engaged in the scientific 
field, have admirably fitted us for this exacting work. 
Our clientele includes, among many others, the scientists 
of the Johns Hopkins University. Such widely diversi- 
fied subjects as Biology, Mineralogy, Physics, Medicine, 
Surgery, Zodlogy, Mathematics, etc., etc., are constantly 
requiring our services, in the matter of engraving repro- 
ductions. 


Naturally, we have developed an intimate knowledge 
of the requirements of this particular phase of the photo- 
engraving industry. We understand the particular illus- 
trative points that must be emphasized. We are accus- 
tomed to working, moreover, from written instructions, 
since our clients are frequently out of direct touch with 
us, or at distant points. 


That we have been eminently successful is attested 
by even our most critical patrons, whom we continue to 
serve after many years of patronage. 


We will be glad to submit samples, make estimates 
and co-operate, in every possible way, in the production 


of YOUR work. 


BALTIMORE-MARYLAND 
ENGRAVING COMPANY 
BALTIMORE, MARYLAND 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 
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‘ “You can feed a cow until she bursts, but she will not produce milk unless she has 
the inheritance for doing it.” 


MILK SECRETION 


By Dr. Jonn W. GowEN 
Maine Agricultural Experiment Station, Orono, Me. 


Was written to show how breeding can increase milk yield and butter 
fat production in dairy cattle 


Average milk yield per dairy cow in the United States is slightly more than 3000 
pounds per year. A really good cow will yield from 12,000 to 18,000 pounds per 
year on the same amount of food. Then why keep a low-yield cow? Why bring 
them into the world at all? 

Dr. Gowen wanted to answer these questions so he attacked the problem experi- 
mentally. MILK SECRETION is the result of his years of careful work. 

The information in this book is just the sort of practical help that will enable the 
breeder and dairy man to obtain maximum quantity and quality milk production. 


Price, $4.50 
ORDER FROM THE PUBLISHERS 


THE WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals 
BALTIMORE, MARYLAND 


MARSCHALL | 
RENNET ann COLOR ||| GUERNSEYS | 


The Quality--Quantity Breed 


STRONG DEPEND- 
PURE ABLE The Advanced Register records of 
the Guernsey breed offer a wide field 
Made in the largest and best equipped for research and study. 
Rennet factory in America! 
THE MARSCHALL DAIRY LABORATORY We find, for instance, that the ad- |, 


ae Sree dition of approximately 2500 records 


made during 1924, to the 17,000 that 
existed before January 1, 1924, raises 


Weather Proverbs and Paradoxes 


the average production of the breed 
By J. Humpmreys, Pxs.D. 


U.S. Weether Burees by over five pounds of butter fat 

Are the familiar old weather proverbs based on and over 100 pounds of milk. 
fact or superstition? This book separates the 
true from the false and gives interesting scientific 
explanations of Nature’s signs and warnings. Information concerning the 
Well worth reading and study for those who breed is gladly gi 
would be “weather wise.” Well illustrated. Guernsey breed is gladly given. 
Bound in cloth. . 

Price, $1.50 THE AMERICAN GUERNSEY CATTLE CLUB 


THE & COMPANY Box DS PETERBORO, N. H. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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u Service When You Need It 


i | Reason No. 4 why a new De Laval 
will make you larger profits 


V No matter what kind of equipment is installed in the creamery, 

cheese factory or milk plant, there always comes a time when 
service from the manufacturer is needed—and where a perishable 
product is being handled, it is needed quickly. 


It is typical of the De Laval organization that with products 
L requiring the least attention it is, nevertheless, prepared to render 

a maximum degree of service to users. You can always depend 
on De Laval service. There is a representative of the Company 
within a few hours of your plant, and a cali brings him in a hurry. 


. The De Laval Company in this way keeps faith with users of 
its machines. When you buy new equipment make sure it is 


backed by De Laval service. 


Sooner or later you will use a 


iz 

| 
aa 
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kA DeLaval Separator Company ») 
| VA NEWYORK CHICAGO SAN FRANCISCO 
= Your advertisement is being read in every State and 25 Foreign Countries 2 


Chemist Miere-Blologist CINCINNATI, OHIO 


Christensen’s 
Milk Grading Apparatus 


SCIENTIFIC PRINCIPLES. _ 


Catalase Apparatus 


PERFECT CONSTRUCTION 


Propagating Apparatus 


PRACTICAL OPERATION 


Equipped with different accessories, one 
apparatus is used for all three purposes. 


‘“‘The Milk Grader’”’ 
for determining the bacteria in milk and 


cream, especially mixed herd milk, by 


The Reduction and Fermentation Test. 
For 28, 60 and 200 25-cc. samples, or 


’ for 48, 90 and 300 10-cc. samples, as 
' recommended by the American Public 


Health Association. Gas lamps, alcohol 
lamps or electric control which has proved 
of special value during two years. 
Health Departments, Dairy Schools and 
Experts, \eading Dairy Concerns have 


_ adopted and endorsed Milk Grader” 


‘‘The Catalase Tester’’ 


for detecting blood and pus in milk, due 
to abnormal milk secretion, caused by 


_ physiological conditions and diseases of 


the cow. For testing milk from individ- 
ual cows, especially when marketed as 


' Certified Milk or used raw for Cheese- 
_ making, etc. Apparatus for 14 and 30 


samples (20 cc.). 
‘‘The Culture Propagator”’ 


for propagation of cultures and prepara- 
tion of starters in enameled cans at any 
temperature required, whether Lactic, 


Bulgarian. or Agdophilus A 
practical and r Incu- 
bator with electric control. The smaller 


apparatus for 3 and 6 pints: mother 


» starter, consist of “The Milk Grader” 


with a few accessories. Large appara- 
tus for two mother starters and 8..gals. 
of starter, fitted for direct steam, water 
and brine connection. 


Circulars on Request 
OHIO FOOD & DAIRY LABORATORY 


VALDEMAR CHRISTENSEN 145 East Fourth’ Street 


Wagner’s Precision Milk and Cream Test Bottles 
with Indestructible Black Graduation, guar- 
-anteed not to decolorize; eye strain is practically 
eliminated, thereby insuring accuracy, efficiency, 
and contented opera 
tors; the easy 

gives a sense of secure- 
ness to the operator, it 
fortifies him against un- 
just — it’ makes 
retesting and rereading 
unnecessary; saving 
time and wages. 

Some of the testimonials 
received, read: 

“The Wagner Test Botiles with 
Indestructible Black Gradua- 
tion are worth their weigh! in 
gold.” 

Order from us or your 
jobber. 


The Wagner Glass Works 


ESTABLISHED 1887 
Inventors 
Glassware and Appsratus 
Pertaining to the testing 
of 
Milk ang its prodgicts 


695-697 E. 132nd St. 
New York, N. Y. 
U.S. A. 


POLK'S REFERENCE BOOK 


Shows how your 
the use of Direct Mau “Advertising. 
= of vital business facts and ak ho, 

and how many prospects you have. 
Sane. 8,000 lines cf business 


Write for yout FRED copy. 
R. L. POLK & CO., Detroit, Mich. 


406 POLK BUILDING 
Branches in principal cities of U.. 
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“THE. STANDARD FOR NEARLY FORTY YEARS 


Paterson Vegetable Parchment 


*‘Nearest to Perfection’’ 


Nearly forty years ago we were making Vegetable Parchment. 
One does not specialize for nearly forty years without 
coming very close to Perfection. . 


The Paterson Parchment Paper Co. 


Passaic, New Jersey 


Invaluable im milk control for the collection of comparative bacteriological data over long 
periods of time. 


To use dissolve 23 grams in a liter of water and sterilize. No adjustment of reaction of 
filtration. 


THE SIMPLICITY OF PREPARATION INSURES UNIFORMITY 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
Im the research and development of Bacto-Peptone and Debydrated Culture Media 


DIGESTIVE FERMENTS COMPANY 
DETROIT, MICHIGAN, U.S. A. 


7 
4 
Be 
| 
% 
COMPARABLE BACTERIOLOGICAL DATA : 
Secured with 
‘ 
BACTO-NUTRIENT AGAR 
laa A uniform medium containing ingredients in proportions stipulated in “Standard Methods.” 7 
4 ‘ | 


